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General introduction 
This thesis originates from clinically driven questions about the relationship 
between adult attention-deficit/hyperactivity disorder (ADHD) and borderline 
personality disorder (BPD) symptoms. It intends to contribute to the understanding 
of the origin of the overlap and differences in both disorders on the level of 
classification, personality traits, and neurocognition. The general introduction is 
a synopsis of what is currently known about adult ADHD and BPD in general and 
more specifically about their clinical overlap, temperament traits, and neuro-
cognitive features. After that, I will describe the overall aim and outline of this 
thesis. 
Adult attention-deficit hyperactivity disorder 
ADHD is defined as a childhood-onset neurodevelopmental disorder in the American 
Psychiatric Association’s Diagnostic and Statistical Manual of Mental Disorders 
(5th edition; DSM-5) and is characterized by the presence of developmentally 
inappropriate and impairing levels of inattention, hyperactivity, and impulsivity 
(APA 2013). ADHD was perceived as a childhood-onset disorder with limited effect 
on adult psychopathology. However the symptoms and impairments that define 
ADHD often affect the adult population, for an overview of key conceptual issues 
in adult ADHD see (Asherson, Buitelaar et al. 2016). The estimated prevalence of 
ADHD in adults ranges from 2-5% to 3-4% (Fayyad, De Graaf et al. 2007; Simon, 
Czobor et al. 2009). Worldwide, up to 50% of children with ADHD continue to meet 
diagnostic criteria for ADHD as adults (Lara, Fayyad et al. 2009) with some 
European studies suggesting persistence rates of ADHD even up to 80% (van 
Lieshout, Luman et al. 2016). Although there is the possibility that ADHD might 
emerge after childhood (Moffitt, Houts et al. 2015), for most adult patients with 
ADHD there is a clear history of ADHD from childhood. A male: female adult ratio 
of 3-4:1 is recorded in epidemiological samples (Biederman, Kwon et al. 2005) but 
in clinical practice the rate of persistent ADHD does not significantly differ across 
genders (Cortese, Faraone et al. 2016). Factors influencing course and outcome of 
ADHD include general cognitive ability, severity of ADHD, causal factors (genes 
and environment), brain maturation and development, and the presence of 
co-occurring mental health and neurodevelopmental disorders (Faraone, Asherson 
et al. 2015). 
 Despite the high prevalence of adult ADHD and known links to psychosocial, 
functional, and mental health problems, high rates of undiagnosed or untreated 
ADHD have been found (Huntley, Maltezos et al. 2012; Young, Moss et al. 2015). 
Therefore, improving understanding of the clinical presentation of ADHD in 
adulthood is of great importance. 
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 Symptoms of ADHD cluster together in two major dimensions: inattention 
and hyperactivity-impulsivity. They reflect continuous traits rather than a categorical 
disorder which also means that the symptoms do not reflect a change from the 
premorbid state (as is also the case in personality disorders). The definition of a 
clinically significant disorder is therefore based on the presence of clinically 
significant impairment of functioning (APA 2013). The core symptoms of ADHD 
tend to decline with age, although inattentive features persist over the longer 
term across the lifespan (Faraone, Biederman et al. 2006). In clinical practice a full 
understanding of the broader issues in ADHD is needed to improve diagnostic 
outcome. ADHD is also linked to executive function impairments, sleep problems, 
emotional dysregulation, mental restlessness, in addition to functional impairments 
such as traffic accidents and occupational underachievement (Van Veen, Kooij et al. 
2010; Adler, Dirks et al. 2013; Skirrow and Asherson 2013; Surman, Biederman 
et al. 2013; Mowlem, Skirrow et al. 2016). High levels of concurrent comorbidity 
with other neurodevelopmental disorders such as autism spectrum disorder, 
learning and motor disorders, intellectual disability, and tic disorders exist in 
those with ADHD (Jensen and Steinhausen 2015). In addition ADHD also co-occurs 
with substance use disorders, anxiety, depression, personality disorders, and conduct 
problems (Jensen and Steinhausen 2015; Matthies and Philipsen, 2016; Smith and 
Samuel, 2016). Understanding the similarities and differences between adult 
ADHD and common co-occurring mental disorders is important in order to 
prevent under-diagnosis of ADHD. The pervasive nature of emotional instability 
in adult mental health means that all individuals with a non-episodic form 
of emotional instability should be screened for ADHD, including those with 
personality disorders (Asherson, Buitelaar et al. 2016). 
Borderline personality disorder 
Borderline personality disorder is characterized by a pervasive pattern of instability 
in emotional regulation, interpersonal relationships and self-image, along with 
marked impulsivity. It is associated with suicide, high rates of comorbid mental 
disorders, and substantial costs to society (Leichsenring, Leibing et al. 2011). 
Despite continued controversy regarding the diagnosis of BPD prior to adulthood 
there is a growing body of research showing that youth BPD is a valid construct, 
supporting the clinical recognition of the disorder in youth (Winsper, Lereya et al. 
2016). Etiological factors leading to BPD remain only partially elucidated, though 
it is recognized that genetic, neurobiological and psychosocial factors all contribute 
to the development of the disorder (Crowell, Beauchaine et al. 2009). BPD affects up 
to 3% of the general population (Lenzenweger 2008). In primary care, the prevalence 
of BPD ranges from 4 to 6% (Moran, Jenkins et al. 2000; Gross, Olfson et al. 2002). 
In epidemiological samples the prevalence is roughly equal male to female, whereas 
Processed on: 11-1-2017
507383-L-bw-van Dijk
11
GENERAL INTRODUCTION
1
in clinical services there is a clear preponderance of women, who are more likely 
to seek treatment (Torgersen, Kringlen et al. 2001; Zimmerman, Chelminski et al. 
2008). 
 Despite evidence of the reliability and validity of the diagnosis and the 
treatability of the condition, many people with BPD remain undiagnosed in 
clinical practice, placing them at risk for ineffective or possibly harmful treatment 
(Chanen 2015; Tyrer, Reed et al. 2015). One cause of diagnostic confusion is the 
high rate of comorbid disorders. BPD is a heterogeneous condition and its symptoms 
overlap considerably with depressive, schizophrenic, impulsive, dissociative and 
identity disorders. This overlap is also linked to comorbidity and in clinical 
practice it may therefore be difficult to determine if the presenting symptoms are 
those of borderline personality disorder or a related comorbid condition. 
Adult ADHD and BPD: Clinical overlap 
In clinical practice, ADHD and BPD can sometimes be difficult to distinguish. 
Several symptoms such as impulsivity, emotional/affective instability, risk taking 
behavior, difficulty in controlling anger and impaired stress tolerance are found 
in ADHD as well as in BPD patients. Among these features, impulsivity has been 
identified as one of the most common traits occurring within this overlap (Dowson, 
Bazanis et al. 2004; Davids and Gastpar 2005). Deficits in affect regulation are a 
key feature of BPD but are also recognized as an associated feature of ADHD 
(Skirrow and Asherson 2013). The same applies to disturbed interpersonal 
relationships; a symptom often experienced by BPD patients, but adults with 
ADHD may also show interpersonal problems as a consequence of their ADHD 
symptoms (Philipsen 2006). Indistinguishable comorbidity rates have been found 
for substance abuse, anxiety and eating disorders and high levels of cyclothymia 
(Eich, Gamma et al. 2014). Additionally, both disorders show a chronic trait like 
course, and although historically BPD was seen as a disorder presenting mostly in 
late adolescence and early adulthood, we now know that symptoms can already 
present in childhood (Winsper, Lereya et al. 2016). Moreover, ADHD and BPD often 
co-occur (Biederman 2004), with rates of BPD among adult ADHD ranging from 
19% to 37% (Miller, Flory et al. 2008). Despite the evidence of overlap and 
co-occurrence, the nature of the relation between both disorders remains not 
fully understood. A further challenge in this field of research are the gender 
differences in the prevalence of these disorders; equivalent prevalence of adult 
ADHD in males and females and a higher prevalence of BPD among female versus 
male patients in clinical settings (Skodol and Bender 2003). Gender may therefore 
be an important factor to consider in understanding the relationship between 
ADHD and BPD. 
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Adult ADHD and BPD: temperament and personality traits 
Dimensional models of personality may be helpful in addressing problems of 
excessive co-occurrence, heterogeneity among persons with the same diagnosis, 
and artefactual or epiphenomenal diagnostic distinctions (Widiger and Simonsen 
2005). While ADHD is viewed in categorical terms in the DSM-IV and DSM-5, there 
is support for a dimensional view of it (Marcus and Barry 2011; Coghill and 
Sonuga-Barke 2012). Similar to personality dimensions, ADHD is stable across time 
and highly heritable (Biederman 2005). Indeed, ADHD and BPD share a number of 
temperament/personality traits and a “typical ADHD temperament” seem to 
correspond to an explosive/borderline type of personality (Anckarsater, Stahlberg 
et al. 2006). Insight into the associations between temperament/personality traits 
and ADHD and co-occurring BPD may help delineate possible developmental 
pathways and explain comorbid disorder development. Predictive data concerning 
the development of BPD comes from prospective studies and showed that a 
diagnosis of ADHD in childhood was predictive of later BPD symptoms (Burke and 
Stepp 2012; Stepp, Burke et al. 2012), but little is known about the process(es) 
underlying this path (Storebø and Simonsen 2013). Action-oriented temperament/
personality traits like impulsivity, novelty seeking and conduct problem could 
mediate the relation between childhood ADHD symptoms and adult BPD features 
(Carlotta, Borroni et al. 2013). 
Adult ADHD and BPD: Cognitive functioning 
ADHD has been associated with neurocognitive deficits in multiple cognitive 
domains. The main domains of neuropsychological dysfunction in ADHD are: 
memory, inhibitory control, delay aversion, decision making, timing, and response 
variability. The levels of deficiency in each of these domains differ more or less 
independently within patients with ADHD, and there is considerable overlap 
between neuropsychological performance in patients with ADHD and normal 
controls (Coghill, Seth et al. 2014). Although at a behavioral level executive 
dysfunctions are strongly related to ADHD, it is much debated whether it reflects 
primary causal processes in ADHD. There is substantial heterogeneity in cognitive 
functioning, and there is no straightforward association between cognitive 
performance and the trajectory of clinical symptoms (van Lieshout, Luman et al. 
2013; Coghill, Hayward et al. 2014; Coghill, Seth et al. 2014; Mostert, Hoogman 
et al. 2015; Mostert, Onnink et al. 2015). 
 Neuropsychological deficits have also been identified as a robust feature of 
BPD. Since impulsivity is a core feature in PD, it is not surprising that poor 
inhibitory functioning has been a consistent finding in BPD (Nigg, Silk et al. 2005). 
However, compared to healthy controls significant impairment was found across 
the full range of traditional neuropsychological tests. The most consistent deficits 
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were found in the domains of attention, cognitive flexibility, learning and memory, 
planning, processing speed, and visuospatial abilities (Ruocco 2005). Meta analyses 
of BPD samples with higher percentage of comorbidity (i.e. personality disorder, 
major depression, eating disorders and substance abuse disorders) showed worse 
neuropsychological functioning than patients with less percentage of such 
comorbid disorders (Unoka and Richman 2016). A recent study examined the 
comorbid presentation of ADHD and BPD and suggested more informant, but not 
self-reported, symptoms of impulsivity and lower intellectual and attentional 
functioning compared to a group with only ADHD (O’Malley, McHugh et al. 2016). 
Co-occurring disorders thus seem to affect the cognitive performance of BPD 
patients. To clarify the influence of ADHD and BPD on each other and improve 
their phenotypic characterization, it is important to establish whether and how 
ADHD and BPD are related on a neurocognitive level. 
Aims and outline of the thesis 
The aim of the current thesis was to critically appraise the association between 
Adult ADHD and BPD. This was assessed by investigating the overlap and differences 
between adult ADHD and BPD on the level of symptoms, temperament (and 
character) traits, and neurocognitive performance. In chapter 2 we presented a 
literature review on ADHD, personality disorders, and personality traits. This 
work resulted in a book chapter for ADHD in Adults: Characterization, Diagnosis 
and Treatment (van Dijk and Anckarsater 2011). In chapter 3, Latent Class Analyses 
were undertaken to identify mutually exclusive classes of female ADHD and BPD 
subjects with homogeneous symptom profiles (van Dijk, Lappenschaar et al. 2011). 
This first study provided a basis for its sequel (chapter 4). In chapter 4, we build on 
the knowledge that ADHD and BPD seem to share a number of temperament and 
character traits. In this study we account for the comorbid presence of BPD in 
ADHD and vice versa. We examined the role of temperament and character traits 
in the differentiation of classes of patients with similar ADHD and BPD symptom 
profiles and possible pathways between early temperament and future ADHD and/
or BPD were evaluated in a female population (van Dijk, Lappenschaar et al. 2012). 
In chapter 5 we studied whether cognitive measures of response inhibition derived 
from a Continuous Performance Task are able to differentiate between adult 
ADHD, BPD and healthy controls (van Dijk, Schellekens et al. 2014). Response 
inhibition was chosen as a cognitive construct to study given the significant 
impairment in this domain reported in ADHD and BPD. Finally, in chapter 6 we 
investigated interactions between adult ADHD, cognitive profiles, and personality 
traits in comparison to healthy controls. (Van Dijk, Mostert et al. 2016). In chapter 7 
all studies presented in this thesis are integrated and a critical discussion along 
with suggestions for future directions presented. 
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Introduction
From clinical, neurocognitive, and neurobiological perspectives (Faraone, 2005), 
ADHD is regarded as a meaningful diagnosis today, in childhood as well as in 
adulthood. However, the adult symptom profile and ADHD’s complex pattern of 
overlap with other mental health problem constellations have yet to be detailed 
and clarified (McGough & Barkley, 2004; Nigg, Blaskey, et al., 2002). So far, relatively 
little attention has been paid to the relationship of ADHD to maladaptive 
personality traits and personality disorders in adults (Lewinsohn et al., 1997;Nigg, 
John, et al., 2002), most probably because of the theoretical hiatus between the 
fields of child neuropsychiatry and adult personality and its disorders. Yet the 
coexistence of ADHD and personality disorders certainly does matter, not only for 
longitudinal prediction but especially for a deeper understanding of adult problem 
arrays, for better phenotype characterization in neurobiological research, and for 
the development of new treatment strategies. 
 ADHD is the term chosen for the fourth edition of the Diagnostic and 
Statistical Manual of Mental Disorders (American Psychiatric Association, 1994), 
whereas the two earlier editions – DSM-III (American Psychiatric Association, 
1980) and DSM-III-R (American Psychiatric Association, 1987) – contained related 
diagnostic definitions focusing on the inattentive facet of the syndrome disorder. 
In DSM-IV, ADHD is diagnosed on the basis of problems with attention (inattentive 
subtype), action and impulse control (hyperactive subtype), or both (combined 
subtype).The current version of the International Classification of Diseases (ICD-10; 
WHO, 1990) includes a definition based on hyperactivity – hyperkinetic disorder 
– in which inattention is seen as a frequently complicating, coexisting problem 
rather than as an aspect of the syndrome. As this textbook sets out from the ADHD 
concept, we consistently use the term “hyperactivity,” which thus covers also the 
description of hyperkinesia. 
 According to DSM-IV, the essential feature of a personality disorder is “an 
enduring pattern of inner experience and behavior that deviates markedly from 
what is expected in the individual’s culture.” This definition contains several 
problems. Inner experiences are difficult to operationalize into diagnostic criteria, 
whereas diagnosing personality disorders on the basis of behavioral patterns may 
short-circuit attempts to “explain” behaviors by personality traits. At the same 
time, systematic definitions of behaviors are the most readily available features 
and will remain central among diagnostic criteria as long as interrater agreement 
is a priority. In this situation, it is important to recognize behaviorally defined 
disorders for what they are – relatively stable phenotypes for the study of cognitive, 
biological, and/or social covariates. 
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 Although Axis II of DSM-IV is theoretically available to record personality 
disorders at all ages (with the exception of antisocial personality disorder), these 
disorders are rarely diagnosed before young adulthood (i.e. at an age when a more 
stable personality organization is being developed). Conversely, disorders classified 
as “usually first diagnosed in infancy, childhood, or adolescence” are not often 
assessed in adults. There is, however, every reason to assume that personality traits 
or such differences in reaction patterns (temperaments) that form the basis on 
which adult traits develop are discernible at a very early stage of child development 
(Caspi et al., 2003). By tradition, temperaments and personality are defined on the 
basis of the variance in the whole population, whereas psychiatric diagnoses, such 
as ADHD or personality disorders, focus on small groups of persons with disabling 
or distressful symptoms; these different perspectives have made it difficult to 
understand that different designations may refer to similar underlying phenomena. 
The growing awareness of “childhood” disorders, such as ADHD, among adults, 
of temperament differences already in infancy, and of manifestations of some 
Axis II disorders at least by adolescence (Lewinsohn et al., 1997) certainly calls 
for cross-disciplinary reexamination of data and definitions.
ADHD and personality disorders
Antisocial personality disorder
A number of diagnostic definitions have been proposed to capture specific personality 
traits among persistently aggressive, destructive and dishonest persons, children 
as well as adults. These definitions have mainly relied on behavioral criteria, such 
as those in the DSM system, which defines ASPD as a pervasive and stable pattern 
of aggressive and/or covert antisocial behaviors with onset before the age of 15, 
corresponding to the diagnostic criteria for conduct disorder (CD). As an 
“intermediary” diagnosis between ADHD and CD, the DSM system has included 
oppositional-defiant disorder (ODD) to describe severely oppositional attitudes 
and provocative behaviors. The combination of early-onset disruptive behaviors 
with deficient emotional reactions to others and to the consequences of one’s 
own behavior, as well as with dishonest and dominance- seeking interpersonal 
strategies, has been described as “psychopathy,” first in the European psychiatric 
tradition of personality disorders and then in North America, based on Cleckley’s 
1951 book, The Mask of Sanity. This proposed syndrome has not been included in the 
ICD or DSM classifications, even if the ICD-10 dissocial personality disorder includes 
more criteria reflecting interpersonal and emotional aspects than the more 
behavior-based DSM-IV definition of ASPD. However, this proposed syndrome has 
had considerable impact on research on personality in association with criminal 
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behaviors, especially violence, not least because of its operationalization in the 
PsychopathyChecklist (PCLR; Hare, 1980). 
 Factor analyses of the items in this checklist demonstrated a three-factor 
structure comprising “destructive and impulsive behavioral patterns” (factor 3), 
“blunted emotional integration of morally charged cognitions” (factor 2), and “a 
glib, dominance-seeking and dishonest interpersonal style” (factor 1; Cooke & 
Michie, 2001); Hare later proposed that the behavioral factor be split in two, 
distinguishing impulsive behaviors from outright norm-breaking. By comparing 
this factor structure to ADHD and other childhood-onset neuropsychiatric 
problems, we hope to add clarity to the nosology of these factors. The behavioral, 
third factor of the PCL-R and DSM-IV diagnostic criteria for ASPD and childhood 
disruptive behavior disorders, especially CD and ODD but also ADHD, all contain 
items that reflect impulsive, aggressive, or self-promoting behaviors with negative 
consequences that are not sufficiently evaluated before action takes place. However, 
the different diagnoses are based on criteria describing such behaviors in relation 
to heterogeneous settings or situations that occur at different stages of development, 
so that hyperactivity can be noted in an infant, whereas norm-breaking demands 
at least a basic understanding of what norms are meant to be. Inattention is defined 
by behaviors in task-related situations that require painstaking control, ODD by 
interpersonal norm-breaking, and CD by infractions of social norms for behavior 
during childhood, getting farther and farther into the realm of criminal acts as 
the perpetrator gets older. 
 There is no lack of longitudinal, prospective studies assessing the long-term 
development of ADHD or related definitions. Longitudinal studies that have used 
clinical diagnostic definitions are briefly reviewed in Table 16.1. Because they 
require diagnostics, the studies presented are mostly based on clinic referrals. 
In addition, several population-based studies have followed representative cohorts 
and are informative about longitudinal development and associations between 
symptom assessments at various stages and outcomes; for example, studies from 
San Francisco (Babinski et al., 1999), Pittsburgh (Loeber et al., 1998), Dunedin 
(Moffitt & Caspi, 2001), Sweden (Klinteberg et al., 1993) and London (Farrington, 
2000). We reference these population-based studies in the following sections when 
appropriate, but let us start by summarizing the main findings from the clinical 
studies; we then examine a number of methodological problems that need to be 
considered when interpreting and using the results. 
 Comparisons of children identified as hyperactive to controls clearly and 
consistently show increased risks for CD, ASPD, and criminality later in life (Table 
16.2). It may even be concluded with reasonable confidence that a majority of clin-
ic-referred children with hyperactive ADHD (i.e. combined or hyperactive subtype), 
at least during some phase, exhibit oppositional-defiant attitudes and behaviors, 
Processed on: 11-1-2017
507383-L-bw-van Dijk
24
CHAPTER 2
that at least one-third develop an early-onset CD, and that at least one-fifth go on 
to develop adult ASPD, according to a recent meta-analysis based on all longitudinal, 
prospective studies providing prevalence figures among index cases and controls 
(Hofvander et al., 2009). Another salient finding was that only small subgroups of 
those initially identified with hyperactivity or ADHD still met criteria for these 
diagnoses at follow-up. Longitudinal studies invariably have to deal with attrition, 
but the majority of the studies discussed here have high follow-up rates, and even 
in the single study with the highest attrition, the one from Montreal, indirect 
information from parents and official records supported that those retained in the 
study were representative of the whole initial group, at least regarding criminal 
histories (Weiss et al., 1985). 
 To avoid leaving the longitudinal literature with an oversimplified view of the 
findings, we must examine some methodological problems in these studies. Let us 
start with the manner of recruitment and the inclusion criteria for both index 
subjects and controls. The longitudinal studies’ samples are either clinic referred 
or population based. Clinic-referred children may not be representative of the 
hyperactive children in the general population. This is difficult to establish as the 
reports often omit more specific information on how and by whom the subjects 
were referred. Criteria for study inclusion have included “minimal brain 
dysfunction (MBD),” “hyperkinesia,” “hyperactivity/ impulsivity,” or ADHD, often 
casually understood as ADHD in its broadest sense. Having found no study where 
attention-deficit disorder without hyperactivity (ADD or ADHD inattentive type) 
has been specifically investigated in relation to ASPD or associated features, we 
conclude that inattention is not confirmed as a risk factor in this context. 
Population based studies generally provide more detailed information on the 
background population and ways of selection, but use broader definitions to 
describe traits rather than conditions and often have arbitrary cutoffs within the 
assumed normal distribution of problems (such as the lowest or highest quartile or 
ratings below or above two standard deviations from the mean) to yield proxies for 
diagnoses. 
 As hyperactivity is a common phenomenon among children, group comparisons 
between index subjects and controls thought to form a representative sample from 
the general population (including hyperactives) will differ from those using 
controls selected to be “hypernormal” (i.e. without signs of this or that), and thus 
they are no longer “normal” in a statistical sense. Controls recruited among 
children referred for other mental health problems will naturally differ from 
controls recruited among friends or from school registers. We also know that 
subjects with hyperactivity or ADHD more often than not have other concomitant 
behavioral or mental problems. It is therefore crucial to know whether such 
problems precluded inclusion in the first place and whether the included children 
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were seen as representative of all hyperactive children or only of subgroups with 
or without some specific combination of problem areas. For example, in the study 
of outcome in the form of conduct problems, criminality, or diagnoses including 
such behaviors, the extent to which index children had these or similar problems 
already at inclusion and which definitions were used at follow-up are essential 
information. 
 Longitudinal studies also challenge our capacity to keep the effects of time on 
the studied phenomena constantly in mind. For the developmental problems of 
interest to us, the degree of overlap between behavior types and thereby between 
disorders depends on the age at which the cross-section is done. Unfortunately, the 
majority of studies used broad age ranges already at inclusion, often recruiting 
small children as well as prepubertal or pubertal adolescents. Operational criteria 
for categorical diagnoses often mix current symptoms with lifetime problem 
histories, which may obscure both developmental features and the role of 
subsyndromal problems. Our targeted conditions are also most likely to represent 
problems that follow a waxing and waning course and thereby may oscillate over 
and under any diagnostic cut-off (Biederman et al., 2001; Lahey et al., 2002). These 
methodological problems have to be considered when reassessing whether ADHD 
in the absence of early-onset conduct deviance is really a risk factor for adult 
antisocial behaviors (Lilienfeld &Waldman, 1990). 
 The Montreal study, which did not exclude children with conduct problems 
at inclusion, demonstrated that all subjects who eventually developed ASPD had 
an early onset of conduct problems as noted at the initial screening or at the 
first follow-up (Herrero, Hechtman, & Weiss, 1994). In the Wisconsin study, adult 
“predatory-overt” criminality was predicted by teenaged CD only (Barkley et al., 
2004). In the Developmental Trends Study, in which boys referred to outpatient 
clinics had annual assessments, ADHD in the absence of conduct problems at 
inclusion did not predict the later onset of CD (Loeber et al., 1995). In the Los 
Angeles study, the absence of childhood conduct problems indicated a very low 
risk for later CD and criminality, as illustrated by 16 children with hyperactivity 
but no conduct problems who committed only minor adolescent offenses in two 
cases and no adult offenses at follow-up (Satterfield & Schell, 1997). The Pittsburgh 
study showed that ”callous unemotional behaviors,” depression, and onset of 
marijuana use between 13 and 17 years of age predicted antisocial personality 
development, whereas ODD and ADHD in the absence of conduct problems showed 
no such association (Loeber et al., 2002). In the London based study, 8- and 9-year-old 
boys were classified according to the presence or absence of hyperactivity 
impulsivity and conduct problems. Follow-up results indicated that both factors 
were independently predictive for adolescent convictions (age 10–16), whereas for 
adult convictions (age 17–25), conduct problems alone remained a significant 
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predictor (Farrington, 2000). A cluster analysis of teacher assessments of 13- 
year-old boys in Sweden followed until ages 18–23 documented an increased risk 
for criminality in the aggression-hyperactivity-inattention cluster, but not in the 
hyperactivity-inattention cluster (Bergman & Magnusson, 1986). In several of the 
studies, it was noted that the presence of even one single behavioral problem in 
childhood (e.g. fighting, stealing, or lying) was an important risk factor for 
subsequent antisocial development (e.g. Montreal, Los Angeles).The risk of 
antisocial development was also higher in subjects with persistent hyperactivity 
than in those who had remitted during the follow-up period. Children who did not 
display any behavioral risk factors generally fared well (Herrero et al., 1994). 
 However, some studies have reported conflicting findings and claim that there 
is a direct relationship between ADHD and ASPD, even in the absence of early-onset 
CD. The New York City longitudinal study tried to establish study groups of 
children with hyperactivity but no conduct problems at inclusion. Again, the 
increased risk of adolescent CD and antisocial personality development was 
significantly associated with previously noted, even low-grade, conduct problems, 
just as in the Montreal study; however, in the New York study increased risk was 
seen also among children who had reportedly shown no conduct problems at 
inclusion. Hyperactivity in itself, even in the absence of early conduct problems, 
was therefore claimed to constitute a risk factor for the later development of 
antisocial behaviors and/or ASPD (Mannuzza et al., 2004). This claim is problematic 
as conduct problems were not systematically assessed at inclusion, especially not 
in the first New York study group. Included boys were reported not to have 
aggressive behaviors as the “primary reason for referral” (Mannuzza et al., 1993) or 
“clinically significant presenting problems involving aggression or other antisocial 
behaviors” (Mannuzza et al., 1998). A report from the San Francisco study also 
portrayed hyperactivity-impulsivity as an independent predictor of adult criminality, 
which actually was the case only for some categories of less severe crimes among 
males only. Crimes against people were again only predicted by conduct problems 
(Babinski et al., 1999).
 Many longitudinal studies have also included children of considerably varying 
ages at the “baseline” assessments. In the New York City study discussed earlier, 
children were included from the age of 6, and in the San Francisco study from the 
age of 5, which means that no matter how carefully conduct problems were 
assessed at inclusion, it would be possible for subgroups of children to develop an 
early-onset CD after inclusion in the study, but before the age of 10 (which is the 
DSM definition for early-onset CD) or at least the onset of puberty, and then go on 
to have adult problems. The Pittsburgh study also included first, fourth, and fifth 
graders, which may have influenced the authors’ perspective on overlap between 
hyperactivity-impulsivity and conduct problems. The Boston study demonstrated 
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that, in children with ADHD, CD almost always developed before the age of 12 
(Biederman et al., 1996), and it has been reported that the mean age at onset of CD 
may be early in childhood (Kim-Cohen et al., 2005); however, we actually know 
little about the development of CD in relation to prepuberty. The best hypothesis 
therefore remains that ADHD is a precursor to early-onset conduct problems and 
aggression and then, and only then, constitutes a major risk factor for adulthood 
severe criminality and ASPD. 
 As for the nosological status of ODD, Loeber and co-workers (2002) proposed 
that ODD symptoms act as an independent risk factor in addition to ADHD and CD 
or as an intermediary state between those conditions. In most of the reviewed 
studies (e.g. New York City, Developmental Trends, and Boston), however, ODD did 
not predict CD development in a statistical sense, probably as it is so common 
among children with ADHD at some stage. ADHD-based ODD and CD instead seem 
to represent two sequential developmental complications of hyperactivity and 
may, of course, result from interacting or additional risk factors in the form of 
genetic factors associated with aggression or environmental factors related to 
criminality. This does not make them “independent” disorders. In the Boston and 
New York studies, virtually all children with ADHD who developed CD had already 
developed ODD, and early-onset CD almost always develops out of a condition 
marked by hyperactivity or the like (Lahey & Loeber, 1997). 
 Support for this notion also comes from twin studies that demonstrate 
common genetic mechanisms underlying hyperactivity and oppositional/conduct 
problems (Nadder et al., 2002; Silberg et al., 1996). A recent twin study examined 
possible explanatory models for the overlap between ADHD and CD and found that 
a model with “three different disorders” could be rejected, as both common genetic 
and environmental effects for ADHD and CD could be identified (Rhee et al., 2008). 
 We have now arrived at the question of prediction. Is there any reliable way to 
assess traits or features that give a valid prediction of later antisocial outcome 
among children? Despite the number of studies presented, no predictive model 
has yet been established, and in view of the figures presented, it seems reasonable 
to assume that the increased risks are so unspecific that predictions will over 
include children to such a degree that they become of little practical value. No 
other feature is as predictive as early-onset antisocial behaviors (“nothing predicts 
behavior as behavior”), and this effect precludes additions of predictive value from 
other factors in statistical models, even if it could be interesting to study more 
detailed characteristics of childhood behavior, such as age at onset or severity. 
Underlying this continuity of aggression and antisocial behaviors, genetic effects 
explain between 65% and 70% of the inter-individual variance in aggression (Burt, 
2009; Frisell et al., 2010), and some of these effects are common with ADHD (Rhee 
et al., 2008). 
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 Another salient feature that seems to be associated with poor outcomes of 
ADHD is its persistence or that of some of its symptoms, such as restlessness, into 
adulthood. In both the Montreal and New York studies, the risk of antisocial 
behaviors was associated with the persistence of ADHD or of ADHD-related 
symptoms. This, however, is not of much use for prediction. Lynam’s (1996) 
suggestion that the combination of ADHD and CD identifies a group of “fledgling 
psychopaths” may be consistent with the literature to the extent that this 
combination represents the most risk laden subgroup, but as we have seen, at least 
one-third of all children with ADHD also develop CD, and a considerable 
proportion, between one-third and one-half in the cited studies, of these children 
will not go on to be antisocial or criminal in adulthood. Note that the definitions 
of “criminality” are quite loose and seldom include severe violent crimes. Figures 
on the group level may also be elusive, as when 160 of 174 non theft crimes in the 
Montreal study were perpetrated by four subjects (Hechtman &Weiss, 1986). Of 
course, it would have been of societal good to be able to identify these 4 among the 
initial 104 kids, but research at its current level is very far from being able to do so. 
 ADHD and the early-onset progression into ODD and CD ending up in ASPD 
thus explain the third, behavioral factor of the proposed psychopathy construct. 
The second factor of psychopathy describes deficient handling of stimuli and 
words related to concepts such as “guilt,” “responsibility,” “love,” and “fear” 
without appropriate accompanying emotional resonance, indicating both that the 
person has a reduced or aberrant understanding of their meaning and will not 
have the same access to emotions to guide behavioral reactions as others. This was 
already referred to as “semantic blindness” by Cleckley (1951), who thought that it 
was a core deficit in the condition he described. It is reflected by the operational 
criteria for ASPD and has been demonstrated in many psychophysiological 
research models (Hofvander et al., 2009). This emotional deficit facet of psychopathy 
or ASPD was also associated both with ADHD and childhood autistic traits in a 
retrospective study of adult offenders (Soderstromet al., 2005) and may be the 
result of autistic-like traits interacting with disruptive behavior problems on the 
ADHD-ODD-CD spectrum. 
 Finally on treatment, there is a striking contrast between our relatively 
detailed knowledge about the longitudinal outcome of hyperactivity and the 
means available for treatment aimed at preventing or changing a destructive 
development. The established treatment for ADHD, psychostimulants, does not 
have documented efficacy for treating either ODD or CD and nearly all the 
longitudinal studies have included children who have actually been treated with 
stimulants (Table 16.1). More recently, atypical neuroleptics have been used to treat 
disruptiveness, but they are so far not recommended for general use because of 
their considerable side effects and the lack of evidence for efficacy from controlled 
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trials. Other therapeutic measures for ADHD or CD, such as cognitive-behavior 
therapy, group therapies, and psychoeducative measures or training, are equally 
untested in the longitudinal developmental frame discussed in this chapter. 
Borderline personality disorder 
BPD is a complex and seriously disabling mental disorder. It is estimated to occur 
in about 1% or 2% of the general population (Torgersen, Kringlen, & Cramer, 2001), 
and it is the most common personality disorder in psychiatric clinical settings. 
Studies commonly suggest a three-factor structure consisting of a pervasive pattern 
of disturbed relations to other persons, affective or emotional dysregulation, and 
behavioral dyscontrol or impulsivity (Sanislow, Grilo, & McGlashan, 2000).These 
factors are thought to express core dimensions of borderline psychopathology, 
which may reflect underlying abnormal neurobiological processes involving 
genetic and developmental susceptibility. The three factors are conspicuously 
analogous to the factor solution proposed for psychopathy, again capturing the 
triad of interpersonal attitudes, emotional processing, and behavior dyscontrol. 
Even if this structure may merely represent one common to personality disorders, 
there is an obvious overlap for at least the impulsivity of the third factor, and it is 
also evident from a clinical point of view that patients with ADHD, ASPD and BPD 
share symptoms of impulsivity. Of course, a common trait such as this one may 
cause artifactual coexistence and obscure the aspects that really are specific for 
the conditions. 
 Over the past years, a few studies have addressed a possible relationship 
between ADHD and BPD. In contrast to the high-quality prospective follow-up 
studies that have assessed the association between ADHD and ASPD, studies on 
ADHD and BPD have generally relied on clinical cross-sectional designs. BPD is 
mainly diagnosed in women and seems to have a presumed gender ratio that is the 
reverse of that for ASPD (American Psychiatric Association, 1994). In addition, as 
familial associations between ASPD and BPD are well demonstrated (Goldman, 
D’angelo, & DeMaso, 1993), a closer investigation of the relationship between 
ADHD and BPD seems well justified. In contrast to the previous section, here we 
review the literature chronologically. Again we have to take into account several 
methodological problems when interpreting the results. Ways of recruitment and 
inclusion of subjects and controls, small sample sizes, and the definitional vagaries 
that were already discussed have to be kept in mind. 
 Research on ADHD symptomatology and BPD started in the early 1980s. 
Andrulonis and co-workers identified three distinct subtypes of BPD in a group of 
106 hospitalized adult borderline patients: those with no history of organicity; 
those with a history of trauma, encephalitis, or epilepsy; and those with a history 
of attention deficits or learning disabilities. They reported a considerable overlap 
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Table 1   The main reviewed prospective longitudinal studies on the association  
between childhood hyperactivity (using clinical diagnostic categories at  
inclusion) and antisocial personality disorder
Study,  
Main Reference
Approximate  
years of 
inclusion Cases Controls Treatment Follow-up
Clinic-referred study groups
Montreal
Weiss et al., 1985
Hechtman & Weiss, 1986
1962-1965 104 (95 boys and 9 girls) 
long-term hyperactive 
children (aged 6-12)
45 matched 
‘hypernormal’a
school-mate controls
4 received psychostimulants,  
and 20 a conventional high-dose neuroleptic
59% were followed up after  15 years at 21-33 
years of age, by blind and non-blind clinical 
assessments, court records, and for those lost  
to follow-up by parental contacts, contacts over 
the phone etc. 
New York
Group 1
Gittelman et al., 1985
Mannuzza et al., 1993
Group 2
Mannuzza et al., 1991
Mannuzza et al., 1998
Group 1 & 2
Mannuzza et al., 2004
1970-1977 115 (Group 1) and 111 
(Group 2) hyperactive boys 
(aged 6-12)
178 matched hypernormal 
non-psychiatric outpatient 
controls
All subjects had “medication and/or  
behavior therapy”
About 90% were followed after a mean interval  
of 16.1 and 17 years at mean ages 26, 24.1  
och 23.5, by blind structured assessments and,  
for the first group, by official files.
Boston
Biederman et al., 1992 (basic), 
1996 (follow-up)
1992 basic
1996 follow-up
140 referred or recruited 
boys with ADHD (aged 
6-17)
120 unmatched control 
boys from out-patient 
services or recruited by 
advertisements
89% had a life-time history of treatment  
with psychostimulants, 44% during  
the follow-up period
91% were followed-up after 4 years by blind/
semiblind new assessments
Los Angeles
Satterfield et al., 1982
1970-1972 110 hyperactive boys 
between (aged 6-12)
75 matched payed public 
school controls, 13 non-
ADHD brothers of cases
“most” or “all” subjects had CS medication 81% were followed up until age 25 through  
official records
Wisconsin
Barkley et al., 2004
Fischer, 2002
1979-1980 158 consecutive 
hyperactive children (144 
boys, 14 girls, aged 4-12)
81 matched non-
hyperactive controls 
recruited among the 
subjects’ friends
22% vs 0% had treatment with stimulants  
during the high-school years
≥90% were followed up after a mean interval 
of 13.8 years at between 19-25 y o a through 
structured interviews and official records. 
Developmental Trends Study
Loeber et al., 1987
1987 177 out-patient boys at 
three clinics, (aged 7-12), 
75% of whom referred for 
disruptive behaviours
No controls Medication in an unknown proportionb  
but required to discontinue two days prior  
to assessments
About 90% remained in the study and  
were followed by blind structured assessments 
yearly until ages 18-19.
Population-based study
Rasmussen & Gillberg, 2000 1977 61 7-years old children 
(47 boys, 14 girls) with 
ADD with or without 
DCD (about 90%), most of 
whom met DSM-IV criteria 
for AD/HD, or with DCD 
(about 10%)
51 population-based 
controls (27 boys, 24 girls) 
matched for SES and age
No one had medication with psychostimulants 90% were followed up with blind structured 
assessments and official files at 22 years of age. 
Note: Several well-known longitudinal studies are referred in the text but not included in the table as 
they did not use clinical diagnostics at baseline (e.g. the Dunedin and Philadelphia studies). For a more 
comprehensive table including these studies and meta-analyses of results please see Hofvander et al., 
2009.
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structured interviews and official records. 
Developmental Trends Study
Loeber et al., 1987
1987 177 out-patient boys at 
three clinics, (aged 7-12), 
75% of whom referred for 
disruptive behaviours
No controls Medication in an unknown proportionb  
but required to discontinue two days prior  
to assessments
About 90% remained in the study and  
were followed by blind structured assessments 
yearly until ages 18-19.
Population-based study
Rasmussen & Gillberg, 2000 1977 61 7-years old children 
(47 boys, 14 girls) with 
ADD with or without 
DCD (about 90%), most of 
whom met DSM-IV criteria 
for AD/HD, or with DCD 
(about 10%)
51 population-based 
controls (27 boys, 24 girls) 
matched for SES and age
No one had medication with psychostimulants 90% were followed up with blind structured 
assessments and official files at 22 years of age. 
a  Hypernormal meaning that controls have been selected on a number of criteria, such as not being 
hyperactive, and are therefore not representative for the general population. 
b  When stated that no information is provided, this is based on the main references as cited. Some of 
these studies are published in a large number of papers and chapters and even if we have scrutinized 
this literature to the best of our ability, some sources of information may have been missed.
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(about 25%) between the latter two subtypes and minimal brain dysfunction (a 
term that was abandoned in 1980 when ADD was introduced in the DSM, with a 
considerable conceptual overlap between MBD and ADD). The patients with 
minimal brain dysfunction consisted mainly of males with early developmental 
difficulties. They were characterized by aggressive and hyperactive behavior, 
academic difficulties during childhood, and antisocial acting out with drug/
alcohol abuse during adolescence (Andrulonis et al., 1981, 1982). These studies 
showed that a significant subgroup of borderline patients have a “spectrum” 
disorder on an organic brain dysfunction continuum, which includes symptoms 
that have later been referred to the ADHD domain. 
Table 2   Adult or follow-up outcomes of children initially identified with  
hyperactivity or related diagnoses vs. controls
Study
Persistence 
of AD/HD
Conduct 
Disorder
Antisocial  
personality disorder 
(cases vs. controls)
Criminality 
(various measures) Incarceration
Montreal 36% vs 2% had “at least 
one moderately or severely 
disabling symptom”
“about 10% …  
antisocial disturbed”
23% vs 2.4% Court appearances 18% vs 5%
Any offence 
68% vs 59%
Non-theft convictions: 
5% vs 0% (just 4% among those lost to follow-up)
None mentioned
New York
Group 1
Group 2
Group 1&2
8% vs 1% (group 1)
4% vs 0% (group 2)
27-32% vs 8% 18% vs 2%
(group 1)
12% vs 3%
(group 2)
Arrested 39% vs 20%, 
convicted 28% vs 11% 
aggressive crimes 6% vs 2% (group 1)
No criminal record follow-up reported
(group 2)
5% vs 0% (group 1)
2% vs 0% (group 2)
Boston 58% vs 6% “full or 
subthreshold” ADHD, more 
common when combined 
with ODD/CD
23% vs.3% Not within range  
of follow-up
Not within range of follow-up Not within range of follow-up
Los Angeles Not assessed Not Assessed Not assessed Juvenile arrests: 
46% vs 11%
Felony arrests: 21% vs 1%
Recidivism:  9% vs 0%
Institutionalized as adolescents 25% vs 1%
Incarcerated as adults 12% vs 0%
Wisconsin 5% vs 0% 31% vs 11% developed CD 
at some stage
21% vs 4% Arrested ≥ 2 times 40% vs 12% None mentioned
Gothenburg Severe hyperacitivity/
impulsivity 15% vs 2%
Severe inattention 
44% vs 7%
Combination of both 
9% vs 0%
6% vs 7% 18% vs 2% Any criminal conviction 19% vs 0% None mentioned
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 At least a decade later, looking for antecedents of personality disorders in 
childhood, Rey and coworkers examined continuities between Axis I disorders in 
adolescents and personality disorders in young adults. They found that the 
adolescents with disruptive disorders were more likely at follow-up to have a 
personality disorder on the dramatic/impulsive cluster, which includes both BPD 
and ASPD, than those with emotional disorders. All disruptive disorders were 
associated with a wide range of personality psychopathology in adulthood. Specific 
associations were found between CD and ASPD and between ADHD (with 
hyperactivity) and BPD. The authors suggested that disruptive disorders in 
childhood might be re-conceptualized as disorders of personality rather than as 
Table 2   Adult or follow-up outcomes of children initially identified with  
hyperactivity or related diagnoses vs. controls
Study
Persistence 
of AD/HD
Conduct 
Disorder
Antisocial  
personality disorder 
(cases vs. controls)
Criminality 
(various measures) Incarceration
Montreal 36% vs 2% had “at least 
one moderately or severely 
disabling symptom”
“about 10% …  
antisocial disturbed”
23% vs 2.4% Court appearances 18% vs 5%
Any offence 
68% vs 59%
Non-theft convictions: 
5% vs 0% (just 4% among those lost to follow-up)
None mentioned
New York
Group 1
Group 2
Group 1&2
8% vs 1% (group 1)
4% vs 0% (group 2)
27-32% vs 8% 18% vs 2%
(group 1)
12% vs 3%
(group 2)
Arrested 39% vs 20%, 
convicted 28% vs 11% 
aggressive crimes 6% vs 2% (group 1)
No criminal record follow-up reported
(group 2)
5% vs 0% (group 1)
2% vs 0% (group 2)
Boston 58% vs 6% “full or 
subthreshold” ADHD, more 
common when combined 
with ODD/CD
23% vs.3% Not within range  
of follow-up
Not within range of follow-up Not within range of follow-up
Los Angeles Not assessed Not Assessed Not assessed Juvenile arrests: 
46% vs 11%
Felony arrests: 21% vs 1%
Recidivism:  9% vs 0%
Institutionalized as adolescents 25% vs 1%
Incarcerated as adults 12% vs 0%
Wisconsin 5% vs 0% 31% vs 11% developed CD 
at some stage
21% vs 4% Arrested ≥ 2 times 40% vs 12% None mentioned
Gothenburg Severe hyperacitivity/
impulsivity 15% vs 2%
Severe inattention 
44% vs 7%
Combination of both 
9% vs 0%
6% vs 7% 18% vs 2% Any criminal conviction 19% vs 0% None mentioned
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Axis I diagnoses (Rey et al., 1995).Thus the studies of both Andrulonis and Rey 
attempted to put BPD into a developmental context and suggested a significant 
relationship between ADHD features and BPD. 
 Fossati and co-workers tried to overcome some limitations of these pioneer 
studies by evaluating the presence of specific associations between retrospectively 
assessed childhood ADHD symptoms and adult BPD in a controlled design. They 
administered the Wender Utah Rating Scale (WURS), a self-report instrument, to 
42 consecutive BPD subjects and four control groups: admitted subjects (1) with 
any cluster B personality disorder diagnosis, (2) with any cluster A or cluster C 
personality disorder diagnosis, (3) with no personality disorder diagnosis, and (4) 
nonclinical volunteers. This study showed a significant relationship between the 
presence and severity of childhood ADHD symptoms and adult BPD. No less than 
60% of the BPD subjects had probably met criteria for ADHD in childhood, even 
after controlling for ASPD (Fossati et al., 2002). Such figures have to be interpreted 
as suggesting the etiological heterogeneity of both disorders, and it remains 
unclear which characteristics are specifically related, possibly expressing the 
same underlying susceptibility, and which are not. 
 The specificity of clinical ADHD characteristics in adults with BPD has also 
been investigated using the self-report Attention Deficit Scale for Adults (ADSA). 
The statements in the ADSA relate to a wider range of characteristics than those 
found in the DSM-IV, including mood lability, temper, disorganization, and 
impulsivity. Dowson and co-workers showed that seven of the nine scales of the 
ADSA discriminated between ADHD and BPD, despite the overlap of clinical 
features involved in the two syndromes. The seven scales showing significant 
intergroup differences involved attention, organization, and persistence. Impaired 
task and goal persistence were the main discriminators between those with ADHD 
and those with BPD, with the ADHD group being the more impaired. Nonsignificant 
differences were found for two scales that were related to impatience, examples of 
aggression, taking undue risks, and failure to take the likely results of actions into 
account (Dowson et al., 2004). These findings seem to be in line with earlier results, 
but they also provide some indication that symptoms referring to the inattention 
domain of ADHD are to be specially considered in the relationship between ADHD 
and BPD. A limitation of this study may be that ADHD was not excluded from the 
BPD group nor was BPD excluded from the ADHD group. 
 In contrast to these studies, Kooij and co-authors used semi-structured clinical 
interviews in the assessment procedure in their study on the relationship between 
ADHD and coexisting BPD and ASPD. Their results showed that, among 53 referred 
ADHD patients, 11% presented with a subthreshold diagnosis and only 4% with a 
full BPD diagnosis. The most frequent symptom overlap was found for affective 
instability and inappropriate anger, symptoms that have been identified as 
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ADHD-associated features (Kooij et al., unpublished data). The authors explained 
the difference between the prevalence of subthreshold and full diagnostic 
occurrence of BPD by the use of a clinical interview to establish the ADHD 
diagnosis, a more restrictive scoring system than relying on self-report scores only. 
 Data from ongoing research on the relationship between adult ADHD (i.e. 
meeting ADHD criteria in childhood as well as in adulthood, also using semi 
structured clinical interviews) and BPD in 103 clinically referred female adults 
showed that 33% of a group of 63 patients with BPD also have ADHD and that 15% 
of 40 adult ADHD female patients also meet criteria for BPD (Van Dijk et al., 
unpublished data). Trying to further clarify the relationship between ADHD and 
BPD, the investigators used latent class analyses (LCA; McCutcheon, 1987) of the 
ADHD and BPD symptoms. LCAis a statistical technique that generates hypotheses 
and may thus supplement standard diagnostic categories. Four mutually exclusive 
classes of patients were identified: one with only ADHD symptoms; one with BPD 
symptoms and ADHD symptoms of hyperactivity; one with BPD symptoms and 
ADHD symptoms of inattention, hyperactivity, and impulsivity; and one with BPD 
symptoms and ADHD symptoms of inattention and hyperactivity. The hyperactive 
symptoms were relatively high across all classes, indicating that this is an 
unspecific symptom domain with poor differentiating value between ADHD and 
BPD. A transition model, associating the adult classes with retrospective childhood 
ADHD symptomatology, showed, in addition to the expected associations between 
adult and childhood ADHD symptomatology, a remarkable probability that an 
outcome characterized by both ADHD and BPD symptoms in adulthood might be 
associated with a childhood without any significant ADHD symptomatology (i.e. 
subclinical hyperactivity), whereas an adult outcome with predominantly BPD 
symptoms could be traced back to combined ADHD symptoms in childhood. These 
data would fit a model in which the ADHD subtypes are not viewed as discrete 
categories that are permanent over time; they are also in line with the previously 
discussed findings of heterotypic diagnoses at adult follow-up in the longitudinal 
studies (Table 16.2) or in the Dunedin study, in which a follow-up at age 26 found 
formerly disruptive children across all adult diagnostic categories without the 
expected specificity (Kim-Cohen et al., 2003). 
 Although identifying a subgroup of patients with both ADHD and BPD may 
lead to an alternative, more beneficial treatment, research on the consequences of 
coexisting ADHD and borderline personality disorder is limited. Two case reports 
have shown possible subjective and neurocognitive benefits from a psychostimu-
lant (methylphenidate) in two patients with BPD and ADHD (Hooberman & Stern, 
1984; Van Reekum & Links, 1994). Schulz and co-workers used amphetamine to 
investigate the hypothesis that patients with BPD are prone to psychosis following 
ingestion of a dopamine agonist, but found that patients with a borderline 
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diagnosis without comorbidity instead improved in their general clinical condition 
(Schulz et al., 1988). Considering the lack of research in this area, studies of phar-
macotherapeutical alleviation of ADHD symptoms in patients presenting with 
personality disorders are urgently needed.
Dimensional personality traits
As we have seen, in the DSM system, personality disorders are recorded on a 
separate axis and, in accordance with the ICD system, are defined categorically. 
Both principles are controversial and disputed by most experts because empirical 
data lend no support for a delineation of personality disorders from other mental 
disorders or for a categorical structure of personality traits (Livesley, 2001). To 
overcome the limitations of the currently used diagnostic categories, Widiger has 
proposed that dimensional models of personality may be helpful in addressing 
problems of excessive co-occurrence, heterogeneity among persons with the same 
diagnosis, and artifactual or epiphenomenal diagnostic distinctions (Widiger, 2005). 
Categorical and dimensional perspectives on personality disorders may also be 
seen as complementary, and each offers valuable insights (Pickles & Angold, 2003). 
 A variety of alternative dimensional models have been proposed to replace the 
categorical DSM-IV personality disorders in future versions of the manual (for an 
overview see Widiger & Simonsen, 2005).However, there is still considerable debate 
about which dimensional system is most valid and useful (Verheul, 2005). In spite 
of the apparent discrepancies among the competing models for describing 
personality structure, they have remarkable convergence on a set of three to five 
basic personality dimensions. The five-factor model (FFM; Widiger & Costa, 1994) 
and the Temperament and Character Inventory (TCI; Cloninger, Swrakic, & 
Przybeck, 1993) are organized explicitly with respect to five and seven higher 
order factors, respectively, with each broad domain further differentiated into 
more specific facets or subscales. These two models are the ones used most 
frequently in studies on dimensional models in relation to ADHD in adults. In this 
section we review the studies regarding empirical associations between ADHD 
and several personality traits.
Cloninger’s model
Cloninger’s biopsychosocial theory of personality is based on the assumption that 
personality involves four temperament dimensions and three character 
dimensions. The dimensions of temperament measure individual differences in 
basic emotional drives and are Harm Avoidance (i.e. pessimistic and anxious versus 
optimistic and risk-taking), Novelty Seeking (i.e. impulsive and irritable versus 
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rigid and stoical), Reward Dependence (i.e. sociable and warm versus aloof and 
cold), and Persistence (i.e. persevering and ambitious versus easily discouraged and 
lazy). The character dimensions measure individual differences in higher cognitive 
processes that define a person’s style of mental self-government: the character 
traits are described as Self-Directedness (i.e. responsible and resourceful versus 
blaming and inept), Cooperativeness (i.e. helpful and principled versus hostile and 
opportunistic), and Self-Transcendence (i.e. intuitive and insightful versus concrete 
and conventional; Cloninger, 1987; Cloninger et al., 1993). A self-rating instrument, 
the Temperament and Character Inventory (TCI; Cloninger et al., 1993), has been 
developed to measure the model’s seven personality dimensions. Presence of a 
personality disorder is indicated by presence of character immaturity (especially 
by low Self- Directedness and/or Cooperativeness), whereas the type of disorder is 
decided by the temperament configuration (Cloninger, 2000; Svrakic et al., 1993). 
 A few studies have investigated the TCI profiles in subjects with ADHD. Downey 
and colleagues (1997) used the Tri Personality Questionnaire, a precursor to the 
TCI, and found that ADHD subjects scored significantly higher than normal 
subjects on the temperament scales of Novelty Seeking and Harm Avoidance. 
A more recent study (Lynn et al., 2005) tested the hypothesis that Novelty Seeking 
and ADHD are associated and that their association is due, in part, toDNA 
variability at the DRD4 gene.When interpreting their results, it is important to 
keep in mind that the subjects in the study were parents of ADHD affected sib 
pairs. Not all of them had current ADHD or a lifetime history of ADHD, and it is 
possible that the results cannot be generalized to other adults with ADHD. The 
results partly confirmed the findings of Downey and co-workers, identifying a 
strong role for Novelty Seeking as a predictive factor for ADHD diagnostic status. 
However, this association was not accounted for by the presence of a risk allele at 
DRD4. Consequently, it remains impossible to clarify whether Novelty Seeking 
increases the risk for ADHD or whether the presence of ADHD influences the 
development of a Novelty Seeking temperament or whether the two are merely 
different conceptualizations of a common phenomenon. The authors also reported 
the divergent finding that the temperament scale of Self-Transcendence was 
actually associated more strongly with ADHD than was Harm Avoidance. Further, 
they identified a significant role for the character dimension Cooperativeness, 
consistent with the notion that ADHD symptoms in childhood may hamper the 
maturation of character. 
 Another clinical study used the TCI to describe personality development and 
disorders in relation to ADHD symptomatology and autism spectrum disorders 
(ASD) among 240 subjects with neuropsychiatric disorders (of whom147 had 
ADHD; Anckarsater et al., 2006).The assumption was that childhood-onset neuro-
psychiatric disorders would be reflected as “difficult temperaments,” deficits in 
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character maturation, and personality disorders. The self-rated personality traits 
in the sample differed dramatically from those reported by subjects in the general 
population. Extremely low scores for Self-Directedness and Cooperativeness were 
recorded among all subjects with neuropsychiatric disorders, again consistent 
with the notion that these early problems form obstacles to character maturity. In 
addition, ADHD was specifically associated with high Novelty Seeking and high 
Harm Avoidance. 
 As these studies did not assess personality structure in subgroups of subjects 
with ADHD but without personality disorders, it is difficult to pin specific personality 
profiles to ADHD in itself. The cited ongoing study by Van Dijk and co-workers 
using latent class analyses (McCutcheon, 1987) on the relationship between female 
adult ADHD and BPD examined TCI profiles for the four latent classes of ADHD and 
BPD symptoms. In this study, High Novelty Seeking was found in all classes except 
for the class with symptoms of BPD and only the hyperactivity aspect of ADHD. 
The highest Novelty Seeking temperament scores were found in that class of 
patients with both symptoms of BPD and symptoms in all areas of ADHD. High 
Harm Avoidance, low Cooperativeness, and low Self- Directedness were specifically 
related to classes containing BPD symptoms. 
 An outspoken Novelty Seeking temperament suggests a vulnerability for the 
development of ADHD and co-occurring BPD. Contrary to patients with combined 
ADHD and BPD symptoms, patients with ADHD symptoms alone show normal 
character development.
The Five-Factor Model
The “Big Five” represents the hierarchical organization of five major dimensions of 
normal adult personality and provides the most widely accepted description of 
higher order personality traits. The five-factor model (FFM) includes the dimensions 
of Neuroticism, Extraversion, Openness to Experience, Conscientiousness, and 
Agreeableness. Each of these domains is composed of six subfactors called facets 
(Costa & McCrae, 1992). As in the case with Cloninger’s temperament and character 
dimensions, only a few studies have investigated associations between the Big Five 
personality dimensions and ADHD. 
 Braaten and Rosen (1997) found that elevated self-reported DSM-III-R ADHD 
symptoms in undergraduates correlated with high Extraversion and high Neuroticism. 
The limitation here was the use of college students and assessment based on self- 
reports only. Nigg and co-authors (Nigg, John, et al., 2002) subsequently obtained 
larger and more diverse samples for the investigation of personality traits and ADHD 
symptoms. They used three ADHD self-report instruments, trying to overcome the 
limitation that the findings would be attributable to one particular approach of 
assessing ADHD, as well as the NEO Five Factor Inventory (NEO FFI). They found 
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that ADHD symptoms were consistently related to low Conscientiousness, low 
Agreeableness, and high Neuroticism. However, these correlations did not fully 
explain the variation in ADHD symptoms. The data showed that attention problems 
were related primarily to low Conscientiousness and high Neuroticism, and hyper-
activity-impulsivity was related to low Agreeableness. This study found no reliable 
association with ADHD for Extraversion or Openness (Nigg, John, et al., 2002). 
 Another study addressing the relationship of ADHD symptoms with the FFM 
came from Canada (Parker, Majeski, & Collin, 2004). This study used the Conners’ 
Adult ADHD Rating Scale (CAARS) and the NEO-FFI in a sample comprised of 
psychology students. They used DSM-IV cut-off scores to categorize three groups: 
the inattentive ADHD type, the hyperactive-impulsive ADHD type, and non-ADHD 
controls. Contrary to the study of Nigg and co-workers, but in line with the work of 
Braaten and Rosen, the Canada study found consistent associations between high 
Extraversion and the hyperactive-impulsive ADHD symptoms, whereas inattentive 
symptoms were not related to this personality dimension. High neuroticism was 
instead found to be a significant predictor of both inattention and hyperactivity -
impulsivity symptomatology, and again, just as in the study by Nigg and co-workers, 
the most powerful predictor for inattention scores was low Conscientiousness, and for 
hyperactivity-impulsivity it was low Agreeableness. Both personality dimensions 
were also significant predictors for the other symptom group and for total ADHD 
scores. 
 Even considering that these studies relied on self-reported ADHD symptom 
ratings, their findings nevertheless suggest substantial associations between ADHD 
symptoms and four of the Big Five personality dimensions: high Neuroticism, high 
Extraversion, low Conscientiousness, and low Agreeableness. However, Openness 
appeared not to be related to ADHD symptomatology. The overall results from 
research using the FFM overall seemless consistent and less specific than the TCI 
results that associated ADHD with high Novelty Seeking and, when there was also 
a personality disorder, with character immaturity.
Neurocognitive and brain domains
Its clinical presentation has suggested that ADHD is a neuropsychological disorder, 
and attention and executive functions have become the focus of most theories 
concerning its neuropsychological basis (Seidman et al., 2004). Both ASPD and BPD 
also contain domains of emotional aberrations. Deficits in theory of mind – the 
cognitive end result of both social understanding and emotional understanding 
– have been shown across these categorical definitions (Sodian, Hulsken, & 
Thoermer, 2003). However, the differentiation of ADHD and associated disorders 
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on the neuropsychological level has proved much more difficult than first expected 
(Nigg, 2000), and many a simplified model has failed to conform to empirical data 
when put to the test. The executive and motivation systems of the brain may well 
be involved in ADHD just as in various personality traits (Nigg, Butler, et al., 2002). 
Executive functions have also been found to be less specific on the neuropsycho-
logical level than first assumed and seem to develop in close connection with 
empathy and emotional processing (Pacherie, 1997; Perner, 1998), possibly because 
self-restraint also boosts comprehension of others and emotional reactivity and 
processing are necessary elements of self-restraint. Empathy is a highly complex 
function based on nonlinear interactions among theory of mind, emotional 
mirroring, executive functions, and situational determinants (Anckars¨ater & 
Cloninger, 2007). It is therefore obvious that prior designations of specific brain 
systems thought to be involved in either social functioning (especially the limbic 
circuitry) or executive functions (especially the prefrontal cortex) have to be 
reinterpreted in a wide “social brain,” encompassing interactions among widely 
disparate systems. 
 Analogously, most attention in the psychiatric context has been given to the 
systems using monoamines as neurotransmitters, and there is indeed every reason 
to assume that monoamines are of central importance: almost all major psycho-
pharmaceuticals have been shown to exert their effects through modulations of 
these systems. The complex phenotypes we have approached in this chapter, 
however, probably relate to many other transmitter systems; for example, 
modifications of dopamine activity may only be hoped to modify some very specific 
parts of the problem constellations. In contrast, it is obvious that the pharmacolog-
ical angle in longitudinal research is weak and that drug response may form a key 
to disentangling complex phenotypes. Preliminary evidence has also implied a 
shared genetic origin for executive functions and personality disorders or 
associated features (Coolidge, Thede, & Jang, 2004). 
 The early “effortful control” (regulation) system in young children is thought 
to involve the same neural system as the executive processes related to ADHD, 
combined type. A critical role of this system in the developing personality is 
reflected in research showing that effortful control is positively related to the 
development of conscience and negatively to the expression of aggression 
(Kochanska, Murray, & Coy, 1997; Rothbart & Ahadi, 1994).The definition of 
temperament as individual differences in constitutionally based (emotional, 
motor, and attentional) reactivity and self-regulation (“effortful control”)may 
allowus to consider both the initial state of individual differences and the early 
development of emotional and attentional systems (Rothbart, 2004). Multiple 
pathways in early development related to distinct kinds of temperamental or 
cognitive vulnerability might form the basis for phenotypical definitions, 
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dimensional or categorical depending on the research models they are applied in, 
but clearly defined in relation to specific contexts, developmental stages, and 
challenges such as stimuli or tasks. 
 Ultimately, the pathways between early temperament and future personality 
(and possible psychopathology) are likely to be complex and nonlinear, because 
children’s development unfolds on the basis of partially genetic constitutional 
factors through the context of social relationships, cognition, and experience. 
Both continuity and change must eventually be understood in such contexts 
(Rothbart, 2004), and it will be necessary for future research to account for all 
these aspects to arrive at a better understanding of the role of early neurodevelop-
mental variants in shaping adult personality.
Summary and conclusion
In this chapter we have dealt with complex concepts and issues concerning the 
relation of ADHD to personality disorders and traits. We make no pretense at 
completeness, but we hope to have contributed to the discussion aiming at a better 
understanding of ADHD in relation to personality. 
 Based on this literature review, we would like to propose the following distinctions 
as providing a plain account of the risk for ASPD and criminality carried by ADHD. 
Early-onset disruptive behavior disorder (corresponding to the combination of 
ADHD, ODD, and CD, or hyperkinetic conduct disorder) carries a sharply increased 
risk for later ASPD and aggressive criminality. The adult personality disorder consists 
of destructive behavior patterns generally accompanied by deficient or aberrant 
emotional processing of thought and reactions. This concept contains most of the 
variation in what has been called “psychopathy,” which because of its moral 
connotations is an unsuitable term in clinical practice. The disorder is associated 
with an increased risk both for ”hands-on” criminal acts and the remaining 
unique factor of psychopathy (referred to as the first factor of the PCL-R); that is, 
the wicked way of seeking dominance over others through manipulation and 
deceit. It remains an open question whether such undesired behavioral consequences 
should be dealt with as mental disorders. Thorough clinical diagnoses of the 
problem constellation in a developmental perspective are always warranted, not 
least as a large proportion of children with early-onset disruptive behaviors also 
have attention and learning problems, other forms of social interaction and 
communication problems that sometimes correspond to the autism spectrum 
definitions, and a wide range of psychiatric coexisting problems. The clinical 
assessment forms the basis for possible treatment strategies. In the absence of 
early-onset conduct problems, ADHD per se, inattentive or combined type, has not 
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been linked to an increased risk for an adult antisocial development, and late-onset 
(adolescent) conduct problems do not share the same developmental basis or 
associations to other problem types as the early-onset form nor its grave prognosis. 
 With regard to associations between ADHD and BPD, systematic data are 
meager. Overall, the reviewed studies mainly show symptom overlap between 
ADHD and BPD in the disruptive hyperactivity-impulsivity domain, whereas 
inattention characteristics are likely to differentiate among the problem types. 
More, as well as more diverse, research is needed to better understand the 
relation ship between ADHD and BPD, to clearly unravel their shared characteristics, 
to propose possible pathways leading to a BPD outcome, and to improve the 
understanding of possible truly unique aspects of the categories. 
 Then, we discussed ADHD in relation to personality traits, as defined by the 
Big Five and Cloninger’s temperament and character model. ADHD as a clinical 
disorder seems to express an extreme end of extroversion or novelty seeking, with 
possible hampered character development or decreased conscientiousness. Harm 
avoidance may interact in creating the risk for BPD among subjects with ADHD. 
However, because few studies included subgroups with ADHD in which adult 
personality disorders had been controlled for, it is difficult to draw specific 
conclusions on the delineations and overlap among ADHD, personality disorders, 
and personality traits. 
 Finally, we pointed out the critical role of early regulation and reactivity 
systems in the development of temperamental or cognitive vulnerability. In 
closing this chapter, we again want to stress the importance of the integration of 
theories on psychopathology, temperament, and cognition, which represents a 
promising future line of research.
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CHAPTER 3
Abstract
Attention-deficit/hyperactivity disorder (ADHD) and borderline personality 
disorder (BPD) are frequently comorbid. To contribute to a better understanding 
of the associations regularly found between ADHD and BPD, on the one hand, and 
the developmental pathways for these disorders, on the other hand, latent class 
analyses (LCA) were undertaken to identify classes differing in profiles of childhood 
symptoms of ADHD and adult symptoms of ADHD and BPD. Diagnostic interviews 
with 103 female outpatients meeting the criteria for ADHD and/or BPD were used 
to assess current DSM-IV symptoms; childhood symptoms of ADHD were assessed 
in parent interviews. The latent classes were examined in relation to the DSM-IV 
conceptualizations of ADHD and BPD. And relations between childhood and adult 
classes were examined to hypothesize about developmental trajectories. LCA revealed 
an optimal solution with four distinct symptom profiles: only ADHD symptoms; 
BPD symptoms and only ADHD symptoms of hyperactivity; BPD symptoms and 
ADHD symptoms of inattention and hyperactivity; BPD symptoms and ADHD 
symptoms of inattention, hyperactivity and impulsivity. All patients with BPD 
had some ADHD symptoms in both adulthood and childhood. Hyperactivity was 
least discriminative of adult classes. Adult hyperactivity was not always preceded 
by childhood hyperactivity; some cases of comorbid ADHD and BPD symptoms 
were not preceded by significant childhood ADHD symptoms; and some cases of 
predominantly BPD symptoms could be traced back to combined symptoms of 
ADHD in childhood. The results underline the importance of taking ADHD 
diagnoses into account with BPD. ADHD classification subtypes may not be 
permanent over time, and different developmental pathways to adult ADHD and 
BPD should therefore be investigated.
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Introduction
Attention deficit/hyperactivity disorder (ADHD), characterized by a persistent 
pattern of inattentive and hyperactive-impulsive behavior and commonly known 
as a developmental disorder starting in childhood, has been accepted as a valid and 
reliable diagnosis in adulthood from both clinical and neurobiological perspectives 
(Faraone, 2005). Up to 78% of adult patients with ADHD present with other DSM-IV 
disorders (Biederman et al., 1993; Wilens et al., 2002; Kessler et al., 2006) while 
relatively little attention has been paid to the associations of ADHD with adult 
personality disorders. This is because disorders “usually first diagnosed in infancy, 
childhood, or adolescence” — such as ADHD — are often not assessed in adulthood. 
And conversely, Axis II of the DSM-IV can in principle be applied to determine the 
presence of personality disorders — with the exception of the antisocial personality 
disorder — at an early age, but this is typically not done until late adolescence. 
There are nevertheless good reasons to assume that the personality traits or 
individual differences in reaction patterns (i.e., temperament) that form the basis 
for the development of adult traits are discernible during early child development 
(Caspi et al., 2003). 
 Growing awareness of (1) the incidence of “childhood” disorders such as ADHD 
in adulthood, (2) the presence of temperament differences already in infancy, and 
(3) the manifestation of at least some Axis II personality disorders in adolescence 
(Lewinsohn et al., 1997) thus calls for a cross-disciplinary re-examination of data 
and definitions. In the present study, we therefore examined the relations between 
adult ADHD and borderline personality disorder (BPD), which is the most common 
personality disorder in clinical psychiatric settings. BPD is a complex and seriously 
disabling mental disorder with an estimated incidence of 1% to 2% in the general 
population (Torgersen et al., 2001). Almost 75% of the patients receiving therapy 
for BPD is female (APA, 2000). A three-factor explanatory structure consisting of a 
pervasive pattern of disturbed relations to other persons, affective or emotional 
dysregulation, and behavioral impulsivity is commonly assumed (Sanislow et al., 
2000). 
 Viewed from a clinical perspective, patients with ADHD and BPD clearly share 
symptoms of impulsivity. The expression of symptoms can vary, but a common 
underlying trait such as impulsivity can create co-existence and/or obscure condi-
tion-specific symptoms. Specification of the relations between ADHD and BPD can 
thus help refine diagnostic and therapeutic decision-making procedures but also 
facilitate identification of childhood precursors to BPD. While the developmental 
trajectories leading to BPD in adulthood are unclear, impulsivity appears to be one 
of the earliest traits to emerge for those later diagnosed with BPD (Crowell et al., 
2009). We thus adopt a developmental model of psychopathology in which it is 
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assumed that all psychiatric disorders are of a developmental nature and that the 
manifestation of a particular disorder may change with the developmental stage 
of the individual (Pennington, 2002).
 Previous studies have indeed documented associations between symptoms of 
ADHD in either childhood or adulthood and BPD (Davids & Gaspar, 2005; La Barbera 
et al., 2009). In the early eighties, for example, it was shown that a significant 
subgroup of with BPD had symptoms that were later referred to in the domain of 
ADHD (Andrulonis et al., 1981; Andrulonis et al., 1982). A decade later, it was shown 
that adolescents with disruptive disorders are more likely to have a personality 
disorder from the dramatic/impulsive cluster, which includes BPD, at follow-up 
when compared to adolescents with any emotional disorders. Specific associations 
of ADHD with hyperactivity and BPD were also reported (Rey et al., 1995). More 
recently, the results of a longitudinal study have again shown individuals 
diagnosed with childhood ADHD to have an increased risk of personality disorders, 
specifically the DSM-IV cluster B type of personality disorders in late adolescence 
(Miller et al., 2008).
 Research evaluating the presence of specific associations between retrospectively 
assessed childhood ADHD symptoms and adult BPD in a controlled design has 
revealed a significant relationship between the presence and severity of childhood 
ADHD symptoms and adult BPD. At least 60% of the BPD subjects probably met the 
criteria for ADHD in childhood (Fossati et al., 2002). In addition, research 
investigating the prevalence of adult ADHD of the combined type in patients with 
BPD showed a prevalence of 16.1% (Philipsen et al., 2008). Yet another very recent 
study found 38.1% of BPD patients to be diagnosed with comorbid adult ADHD 
(Ferrer et al., 2010). Such data can be taken to indicate the etiological heterogeneity 
of both ADHD and BPD but does not indicate which characteristics are specifically 
related and express the same underlying susceptibility or not.
 In adults with BPD, the specificity of clinical ADHD characteristics has been 
investigated and it has been shown that “impatience,” “aggressive behavior,” 
“taking undue risks,” and “failure to take the likely results of actions into account” 
are overlapping clinical features. Significant inter-group differences occurred for 
“attention,” “organization,” and “persistence,” however (Dowson et al., 2004). 
Furthermore, ADHD in male adults has been found to be associated with BPD 
symptoms of impulsive aggression (Dowson & Blackwell, 2010). While these results 
are in line with prior results, there is nevertheless still some indication that 
symptoms referring to the inattention domain of ADHD should be considered in 
the relationship between ADHD and BPD. ADHD subtype differences have not 
been evaluated in prior studies of the associations between ADHD and BPD. 
Moreover, in studies including patients with ADHD, adult personality disorders 
have not been carefully controlled for. 
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 To contribute to a better understanding of the associations previously found 
between ADHD and BPD, on the one hand, and the developmental pathways for 
these disorders, on the other hand, analyses were undertaken to identify mutually 
exclusive classes of subjects with homogeneous symptom profiles. Latent class 
analyses (LCA) is a statistical technique used for exploratory and hypothesis-gener-
ating purposes (McCutcheon, 1987). Exploration of symptomatology using this 
approach has the major advantage of not losing valuable information (i.e.  in the 
DSM-IV classification those who score just below the diagnostic threshold are 
regarded as non-cases). To the best of our knowledge, there are currently no studies 
performing LCA on ADHD and BPD symptoms. 
 The specific aims of the present research were as follows. To (1) classify female 
patients with different profiles of childhood ADHD, adult ADHD, and symptoms 
of BPD; (2) examine the latent classes in relation to the DSM-IV conceptualizations 
of ADHD and BPD; and (3) explore the relations between the childhood and adult 
classifications to identify possible developmental trajectories. This study also 
provides the basis for its sequel, which examines the roles of temperament and 
character in the differentiation of the classes of patients with similar ADHD / BPD 
symptom profiles and the pathways from early temperament to future ADHD and/
or BPD (Van Dijk et al., 2011). 
Methods
Participants and assessment
Female patients were recruited from referrals to the outpatient ADHD program 
or the outpatient BPD program of the Department of Psychiatry at the Radboud 
University Nijmegen Medical Centre in the Netherlands. To be included in the 
study, the patients thus had to meet the DSM-IV criteria for ADHD or BPD. 
Patients were excluded in cases of clinically significant chronic medical conditions, 
mental retardation, organic brain disorders or schizophrenia. Patients with other 
comorbid psychiatric disorders were not excluded to ensure that the study sample 
was as representative as possible of the population in clinical practice.
 The patients underwent comprehensive clinical assessment, which included 
psychiatric evaluation and both structured and semi-structured diagnostic interviews 
conducted by trained psychologists or psychiatric trainees supervised by a senior 
psychiatrist. The assessment was part of research projects approved by the local 
Medical Ethical Committee. All patients signed an informed consent form prior to 
participation.
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 The presence of current and childhood ADHD symptoms was assessed using a 
Semi-Structured Interview for adult ADHD (Kooij, 2002). The authors have used 
this semi-structured interview in previous studies of adult ADHD, and it has been 
shown to be both reliable and valid (Kooij et al., 2001; Kooij et al., 2005; Kooij et al., 
2007). Collateral information on the occurrence and developmental history of 
childhood symptoms was obtained from the parents or, when unavailable, an 
older sibling. To gain further information on the exact DSM-IV criteria for current 
and childhood ADHD, we used the Dutch translation of four ADHD DSM-IV Rating 
Scales (i.e., patient, spouse, parent and investigator versions) (DuPaul et al., 1998). 
To be fully diagnosed as having adult ADHD, the following criteria had to be met: 
(1) the patient had to meet 6 of the 9 DSM-IV criteria for inattention and/or 
hyperactivity/impulsivity in childhood and at least 5 of the 9 criteria in adulthood, 
(2) a chronic course of symptoms of ADHD from childhood to adulthood had to be 
the case, and (3) a moderate to severe level of impairment had to be attributed to 
the symptoms of ADHD. A cut-off point of 5 out of the 9 criteria was set for the 
adult diagnosis of ADHD as this is in keeping with the research literature and 
 epidemiological data using the same DSM-IV ADHD Rating Scales (Murphy & 
Barkley, 1996; Biederman et al., 2000; Kooij et al., 2005).
 The Structured Clinical Interview for DSM-IV Axis II Personality Disorders 
(SCID-II) was used to determine the BPD classifications. (Weertman et al., 2000). 
A classification was given only if no axis I disorder could account for the complaints 
or dysfunctions. Other axis-I comorbidity was examined using the Structured 
Clinical Interview for DSM-IV axis I (SCID-I) (Groenestijn et al., 1999).
 The Global Assessment of Functioning Scale (GAF) from the DSM-IV was used 
to assess the global social and professional functioning of the patient. In addition, 
information on the social-economic status of the patient (i.e., living on income 
from work or welfare) and the highest level of education completed by the patient 
was collected.
 Out of a total of 78 patients from the BPD program, 3 dropped out without 
notification; 11 did not qualify as having BPD according to the DSM-IV; and 1 was 
diagnosed with schizophrenia. Out of a total of 45 patients from the ADHD 
program, 4 dropped out without notification and 1 said she could not complete the 
assessment because it was too aggravating. The final sample thus consisted of 84% 
of the original sample or a total of 103 female patients in the end: 40 from the 
ADHD program and 63 from the BPD program. Of the ADHD patients, 6 (15%) were 
diagnosed with a co-occurrent BPD. Of the BPD patients, 21 (33%) were diagnosed 
with co-occurrent ADHD (i.e., ADHD in both childhood and adulthood). This 
yielded a total of 27 patients with both ADHD and BPD. We were unable to attain 
informant accounts of childhood symptoms of ADHD from 13 patients who all met 
the criteria for BPD. Of these, 5 met the criteria for ADHD in adulthood but the 
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diagnosis could not be confirmed due to missing childhood data; the other 8 cases 
did not meet the criteria for ADHD in adulthood, which led to the rejection of the 
diagnosis of ADHD. This left a total of 37 patients with only BPD.
Statistical analyses
Latent class analysis (LCA) (McCutcheon, 1987) was used to find the smallest 
number of groups of individuals (i.e., classes) with similar patterns of symptoms 
that could explain the associations observed among a set of variables. LCA describes 
the probabilities of a set of observed categorical variables across groups of 
individuals when the group membership of the individuals is unknown. Instead of 
using predefined criteria for the presence or absence of a disorder, LCA uses ratings 
of subjects on several symptoms. Calculations were made with Mplus version 4.1 
(Muthén & Muthén, 2006).  Mplus provides a number of decision parameters (22) of 
which the Bayesian Information Criterium (BIC) and the Lo-Mendell-Rubin (LMR) 
likelihood ratio tests are used in the exploratory phase of the analysis. The data are 
analyzed with an increasing number of classes until there is no improvement in 
any of the decision criteria (i.e., lower BIC values and more significant p-values 
for the LMR indicate improvement over the previous model with one less class). 
A small number of candidate models is thus identified for further analysis. 
These models are investigated with the bootstrap likelihood ratio test (BLRT) to 
determine the most likely number of classes. All analyses are run with a number 
of different starting values to minimize the influence of local extremes. Given a 
small sample size, the average number of individuals within a class should be 
equal to at least the number of variables used in the model and the BLRT should be 
superior to the LMR and BIC (Nylund et al., 2007). 
 The analyses were conducted in steps. To start with, the childhood and adult 
symptoms were modeled separately to identify the different classes of patients (i.e., 
symptom profiles) for these different periods of life. For the childhood model, 18 
ADHD variables were used, which meant that solutions containing more than 5 
classes should be rejected for our sample size of 103. For the adult model, 18 ADHD 
+ 9 BPD variables were used, which meant that solutions containing more than 4 
classes should be rejected. Using SPSS version 14, the patient’s class membership 
was then compared to the patient’s original group membership (i.e., DSM-IV 
classification of ADHD only, BPD only or ADHD plus BPD). Regression in Mplus of 
the adult classes on the childhood classes was finally undertaken to determine the 
latent transition probabilities between adulthood and childhood.
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Results
Adult classes of ADHD and BPD symptoms
We analyzed two through five latent classes of adult symptoms of ADHD and BPD. 
The BIC values and corresponding number of free parameters were 3430 (53), 3233 
(81), 3237 (109), and 3301 (137), respectively. The LMR values and corresponding 
p-values were 1203 (< 0.001), 184 (0.220), 117 (0.167), and 75 (0.211), respectively. The 
BIC suggested solutions with three or four classes as good candidates, whereas the 
LMR values did not provide useful decision criteria. Given that the evaluation with 
the BLRT values and corresponding p-values of 186 (< 0.001) and 118 (< 0.001) 
showed the solution with four classes of symptoms to be significantly better than 
the solutions with three or two classes, the solution with four classes was adopted. 
Another reason to adopt the solution with four classes of symptoms was hypothesis 
generation. The solution with three classes greatly overlapped the existing DSM-IV 
classifications: one class reflected only ADHD symptomatology; one class reflected 
symptoms of both ADHD and BPD; and one class reflected mainly symptoms of 
BPD with some ADHD symptomatology. Working with these classes would not 
have provided more specific or new information while it was nevertheless clear 
that BPD symptoms did not appear alone (I.e., without ADHD symptomatology). 
It was therefore decided to analyze the solution with four classes further. To be 
more specific, we adopted the four profiles of adult symptoms of ADHD and BPD as 
indicated in Figure 1.
 In keeping with recent evidence that shows a three-factor structure for ADHD 
(i.e., attention problems, hyperactivity problems, and impulsivity problems) to 
better fit the adult symptom profile than the two-factor DSM-IV structure of 
attention problems and hyperactivity/impulsivity problems (Span et al., 2002; 
Barkley et al., 2007), the DSM-IV domain of hyperactivity/impulsivity was divided 
into separate symptom clusters. In the end in our study, thus, Class 1 (29/103, 28%) 
showed high probabilities for symptoms of inattention and hyperactivity, 
intermediate probabilities for symptoms of impulsivity, and low probabilities for 
BPD symptoms. Class 2 (20/103, 19%) showed low probabilities for symptoms of 
inattention and impulsivity, intermediate probabilities for symptoms of hyper-
activity, and high probabilities for BPD symptoms. Class 3 (32/103, 31%) showed 
high probabilities for both ADHD and BPD symptoms. Class 4 (22/103, 21%) showed 
high probabilities for most but not all symptoms of inattention (i.e., scored low on 
“fails to pay attention” and “difficulty listening”), showed intermediate to high 
probabilities for  symptoms of hyperactivity, high probabilities for BPD symptoms, 
and low probabilities for symptoms of impulsivity. 
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 One class thus had symptoms of the combined type of ADHD, without 
symptoms of BPD. The other three classes had high symptoms of BPD combined 
with different symptoms of ADHD to different degrees. One class had symptoms of 
the combined type of ADHD together with symptoms of BPD. Another had 
symptoms of hyperactivity and inattention together with symptoms of BPD. And 
the last class had only symptoms of hyperactivity together with symptoms of BPD. 
Symptoms in the ADHD domain of hyperactivity showed the least variation across 
the four classes and did not discriminate between the different classes, which is in 
contrast to the symptoms of inattention and impulsivity (see Table 1). The data 
thus show symptoms of ADHD to behave less consistently than symptoms of BPD 
for this clinical population and symptoms of hyperactivity to have little value for 
the discrimination of ADHD from BPD. Symptoms of BPD were also not found to 
occur without at least some ADHD symptomatology; a completely comorbid 
diagnosis of ADHD may not be the case but symptoms of ADHD in one or more 
domains and to a greater or lesser extent were found to consistently co-occur with 
symptoms of BPD.
Figure 1   Latent class probabilities for adult symptoms of ADHD and BPD in 
female patients with a diagnosis of ADHD, BPD, or both
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Childhood classes of ADHD symptoms
We analyzed two through five latent classes of childhood ADHD symptoms. The 
BIC values and corresponding number of free parameters were 1860 (37), 1826 (56), 
1851 (75), and 1903 (94), respectively. The LMR values and corresponding p-values 
were 412 (0.002), 118 (0.005), 60 (0.129), and 33 (0.833), respectively. The BIC 
suggested a three-class solution as the best model. Given that the LMR indicated 
that this solution was significantly better than a two-class solution, which was 
also supported by the BLRT value and corresponding p-value of 119 (0.000),  the 
solution with three classes was analyzed further.
 Figure 2 shows the symptom profiles for the retrospective childhood measurement 
of ADHD symptoms. Class 1(47/90, 52%) shows high probabilities for both inattention 
Figure 2   Latent class probabilities for childhood history of symptoms of ADHD 
in adult female patients with a diagnosis of ADHD, BPD, or both
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and hyperactivity/impulsivity symptoms in childhood; class 2 (23/90, 26%) shows 
high probabilities for inattention and low probabilities for hyperactivity/impulsivity 
symptoms in childhood and class 3 (20/90, 22%) shows almost no probabilities 
for inattention symptoms and low probabilities for hyperactivity/impulsivity 
symptoms in childhood. These results are consistent with DSM-IV field trials 
among children, which confirm the validity of the DSM-IV combined ADHD 
disorder and the Predominantly Inattentive ADHD disorder. Less support is 
provided by the present data for the Predominantly Hyperactive-Impulsive type of 
ADHD, which is included in the DSM-IV but occurs in almost only 4- to 6- year olds 
(Lahey et al., 1994). 
Adult Class membership compared to DSM-IV diagnoses
The relations between the adult class memberships and DSM-IV diagnoses for the 
patients in our study are summarized in Figure 3. Almost all of the patients with 
only a DSM-IV diagnosis of ADHD showed up in adult class 1 with high probabilities 
for ADHD symptoms and low probabilities for BPD symptoms. The patients with 
only a DSM-IV diagnosis of BPD were about equally distributed across classes 2, 3, 
and 4 with high probabilities for BPD symptoms in all cases. Note that over 
two-thirds of these patients with a diagnosis of only BPD were assigned to classes 
3 and 4, which have high probabilities for ADHD symptoms. Most of the patients 
with both a DSM-IV diagnosis of ADHD and BPD were assigned to classes 3 and 4 
with high probabilities for all symptoms. At the level of symptoms, thus, symptoms 
of ADHD were found to be less specific to the latent classes than symptoms of BPD 
(see Figure 1); at the level of DSM-IV diagnoses, however, ADHD related more 
specifically to the latent classes than BPD (see Figure 3).
Characteristics of the adult latent classes and DSM-IV Diagnostic 
groups 
The descriptive data for the DSM-IV diagnostic groups and the adult classes are 
presented in Table 1. A more differentiated picture was found for the adult latent 
classes than for the DSM-IV diagnostic groups. With regard to educational level, a 
significant difference was found to occur between class 1 containing ADHD 
symptoms and no BPD symptoms versus class 4 containing mostly symptoms of 
inattention and symptoms of BPD. The patients in class 4 were less educated than 
the patients in class 1. The patients in class 4 also had lower socio-economic levels 
than the patients in the other three classes. The GAF score was highest for those 
patients with only symptoms of ADHD (class 1). 
 Further inspection of the symptom profiles showed the patients with a DSM-IV 
diagnosis of ADHD and the patients with a DSM-IV ADHD and comorbid BPD 
diagnosis to not differ on the amount of hyperactivity and impulsivity symptoms. 
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The latent classes again showed a more differentiated picture (Table 1). Class 3 had 
significantly more symptoms of hyperactivity and impulsivity than the other 
three classes. 
Latent transition probabilities between adult and childhood classes
In Figure 4, the latent transition probabilities between the adult and childhood 
latent classes are presented together with the number of subjects. About 50% of the 
patients in adult class 1— with high levels of inattention, intermediate levels of 
hyperactivity and impulsivity, and  very low levels of BPD symptoms — had a 
childhood history of class 1 combined ADHD; the other 50% had a childhood 
history of class 2 only inattention ADHD. Adult class 2 — with high levels of BPD 
symptoms — had either a childhood history of class 1 combined ADHD or class 3 
with low levels of ADHD symptoms. Most of the patients in adult class 3 — with 
high probabilities for all ADHD and BPD symptoms — had a childhood history of 
class 1 combined ADHD. Finally, adult class 4 — with BPD, inattention and hyper -
activity symptoms — showed an equal distribution across the three latent childhood 
classes and thereby a diffuse pattern of transition from childhood to adulthood.
Figure 3   Adult latent class membership broken down by DSM-IV classifications
Class 1: combined ADHD symptoms. Class 2: BPD symptoms + hyperactivity. Class 3: BPD symptoms + 
combined ADHD symptoms. Class 4: BPD symptoms + hyperactivity + inattention symptoms.
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Figure 4   Number of patients and latent transition probabilities in percentages 
for adult classes and childhood classes of female patients with attention 
deficit/hyperactivity disorder, borderline personality disorder, or both
Adult class 1: combined ADHD symptoms. Adult class 2: BPD symptoms + hyperactivity . Adult class 3: 
BPD symptoms + combined ADHD symptoms. Adult class 4: BPD symptoms + hyperactivity + inattention 
symptoms. Childhood class 1: combined ADHD symptoms. Childhood class 2: inattention symptoms. 
Childhood class 3: mild hyperactivity + impulsive symptoms.
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Discussion
For both adult and childhood symptoms, latent classes representing qualitatively 
different profiles were identified rather than simply differences in the clinical 
severity of the symptoms as commonly found in latent class analyses of ADHD 
symptoms with or without added comorbidities (Acosta et al., 2008).
 The solution with four latent classes tells us more about the construct of BPD 
than the construct of ADHD. Patients with a primary diagnosis of ADHD and no 
BPD were all allocated to latent class 1 with indeed no symptoms of BPD. In 
contrast, patients with a diagnosis of BPD were distributed across the three other 
classes and all had some ADHD symptomatology. This heterogeneous picture is in 
line with the results of other studies of BPD and its diagnostic comorbidity 
(Zimmerman & Mattia, 1999; Shea et al., 2004) but also provides new insights 
regarding the coexistence of ADHD and BPD. In clinical practice, ADHD may 
frequently be missed in patients with a diagnosis of BPD and thus lead to 
insufficient and possibly inadequate treatment.
 ADHD symptoms of hyperactivity were found to be high for all of the latent 
classes of patients, which indicate that hyperactivity has a poor diagnostic value 
for the differentiation of ADHD and BPD. Hyperactivity appears to be characteristic 
of not only most ADHD patients but also many patients with BPD. This may be due 
to the indistinct, unspecific, and broad formulation of the DSM-IV criteria for 
hyperactivity (e.g. “restless motor or mental activity” and “difficulty in engaging 
leisure”), which boils down to the measurement of overall restlessness — possibly 
confounded by stress or anxiety. Earlier results suggest that individuals with BPD 
also exhibit inhibitory dysfunction (Swirsky-Sacchetti et al, 1993; Bazanis et al 
2002; Possner et al, 2002; Nigg, 2005). To date, however, only one comparative study 
has shown symptoms of BPD to still correlate with response inhibition after 
control for comorbidity with ADHD (Nigg, 2005). In another comparative study, it 
was concluded that, in contrast to ADHD, BPD is not characterized by a specific 
attentional deficit (Lampe et al, 2007). In the present study, however, we found a 
class of patients with BPD and also inattention problems. Further research is thus 
needed to clarify the coexistence of attention and inhibition problems with BPD.  
 The three childhood classes of ADHD symptoms corresponded well with 
known clinical findings and reflected the combined inattentive and hyperactive 
impulsive type of ADHD, the strictly inattentive type, and the hyperactive 
impulsive type (Lahey et al., 1994). Assuming that the four adult classes provided 
information beyond our knowledge of the DSM-IV classifications, it is surprising 
that the four classes all showed relatively high probabilities for symptoms of 
hyperactivity. This suggests that the existence of adult hyperactivity does not 
automatically imply the existence of childhood hyperactivity, which raises 
Processed on: 11-1-2017
507383-L-bw-van Dijk
64
CHAPTER 3
questions about the validity of the hyperactivity construct and the stability of the 
construct of ADHD over time.
 There were three adult classes that had high probabilities for symptoms of 
ADHD but contained patients with only very few symptoms of hyperactivity and 
impulsivity in childhood. In other words, having almost no symptoms of ADHD in 
childhood does not automatically imply a low probability of such symptoms in 
adulthood. An explanation for this may lie in the age of onset adopted for ADHD 
in the present study, namely 12 years. There are recent indications that late onset 
adult ADHD is valid and that the age of onset recommended by the DSM-IV, namely 
7 years, might be too stringent. (Faraone et al., 2006a; Faraone et al., 2006b). 
Furthermore, an adult class of patients with almost only BPD symptoms but a 
history of combined ADHD symptoms was identified in the present study, which 
suggests that ADHD can remit later in life (Faraone et al., 2006a).
 Examination of the latent transition possibilities suggests several developmental 
pathways. One possible pathway leads from combined inattention and hyperactive/
impulsive symptoms or mainly inattention symptoms in childhood to an adult 
profile containing only symptoms of ADHD and not BPD. Another possible pathway 
leads from a childhood profile with at least low levels of hyperactive/impulsive 
symptoms but no inattention problems to an adult profile with symptoms of BPD. 
Hyperactive/impulsive symptoms could thus play a mediating role in the 
development of BPD along this pathway. The actual causal relations between 
ADHD and BPD are still unclear, however. We should also bear in mind that (1) LCA 
is mainly used for exploratory and hypothesis-generating purposes and (2) a 
retrospective design, which is susceptible to recall bias, was used. To diminish the 
possible effects of poor memory, we triangulated the self-report information with 
regard to current and past symptomatology using other data sources (i.e., parents, 
older siblings, spouses) before making a diagnosis. The present results are 
nevertheless in line with the results of many longitudinal prospective studies of 
the criteria for ADHD and related definitions. 
 There are some other possible limitations on the present study. The study 
group consisted of patients at an academic medical centre and may therefore be 
sensitive to referral bias. The results certainly cannot be generalized to nonreferred 
samples. Furthermore, the number of subjects within the individual classes met 
the minimal criteria but the sample size was still small for LCA and the sample 
only included females. Given that it is mostly women who receive therapy for BPD 
while the sex ratio for adult patients with ADHD is more equally divided, the 
results of this study are probably more representative for the population with BPD. 
The question of whether the results hold for males thus remains to be answered. 
The results must be replicated and extended to larger independent samples. 
Nonetheless, the use of a well-described and diagnosed sample showed — in 
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keeping with the results of other studies (Lahey et al., 2005) — that the DSM-IV 
subtypes of ADHD cannot be viewed as discrete, nominal categories that are 
relatively permanent over time. 
 In closing, we would like to mention some clinical implications of the present 
results and directions for future research. A first implication is that in cases of a 
diagnosis of BPD, ADHD should also always be considered. This is because BPD has 
been found to frequently occur with symptoms of ADHD; over one third of patients 
diagnosed with BPD also receive a co-occurring ADHD diagnosis. It is plausible 
that unrecognized ADHD can worsen the course of BPD and treatment outcome. 
Conversely, the detection of BPD in cases of ADHD can also be of importance for 
the selection and outcome of treatment. A second implication is that ADHD should 
not be differentiated from BPD on the basis of symptoms of hyperactivity. 
Hyperactivity has little discriminative value for these disorders. The present 
results thus challenge us to further unravel the relations between ADHD and BPD, 
identify their unique and shared characteristics, and illuminate the possible 
pathways to adult ADHD — either with or without comorbid BPD. The latent classes 
identified in this research should be validated with the addition of external 
variables. The next step in our research is therefore to analyze the associations of 
a number of factors to the combination of ADHD and BPD: temperament and 
character features (Van Dijk et al., 2011), neurocognitive measures, and genetic 
data. In light of the present results, our main hypothesis for the future will be that 
impulsivity continues to be a shared feature of ADHD and BPD and to possibly play 
a mediating role in the development of adult BPD not only at the level of symptoms 
but also at the level of personality traits and neurocognitive outcome. The 
specificity of inattention symptoms in adult ADHD and BPD remains to be seen, 
however. 
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CHAPTER 4
Abstract
Objective: There is substantial symptomatic overlap between Attention-Deficit/
Hyperactivity Disorder (ADHD) and borderline personality disorder (BPD) in adults, 
but the nature of the relationship between these disorders needs further 
clarification. The role of temperament and character traits in the differentiation 
of classes of patients with similar ADHD and BPD symptom profiles was examined 
and possible pathways between early temperament and future ADHD and/or BPD 
were hypothesized.
Method: Structured diagnostic interviews were conducted in 103 female patients 
to assess current DSM-IV symptoms of ADHD and BPD, and parent interviews were 
used to assess ADHD symptoms in childhood. Classes of subjects with homogeneous 
symptom profiles were identified using latent class analysis (LCA). Temperament 
and character traits were assessed using Cloninger’s Temperament and Character 
Inventory; scores were then compared across the latent classes.
Results: LCA revealed four mutually exclusive classes of patients: one with only 
ADHD symptoms; one with BPD symptoms and ADHD symptoms of hyperactivity; 
one with BPD symptoms and ADHD symptoms of inattention, hyperactivity, and 
impulsivity; and one with BPD symptoms and ADHD symptoms of inattention and 
hyperactivity.  High Novelty Seeking was found in all classes except for the class 
with symptoms of BPD and only the hyperactivity aspect of ADHD. The highest 
Novelty Seeking temperament scores were found in that class of patients with 
both symptoms of BPD and symptoms in all areas of ADHD. High Harm Avoidance, 
low Cooperativeness, and low Self-Directedness were specifically related to classes 
containing BPD symptoms.
Conclusions: Classes of ADHD and BPD symptoms are associated with specific 
temperament and character configurations. Novelty Seeking was associated with 
the inattention symptoms of ADHD. An outspoken Novelty Seeking temperament 
suggests a vulnerability for the development of ADHD and co-occurring BPD. 
Contrary to patients with combined ADHD and BPD symptoms, patients with only 
symptoms of ADHD showed normal character development and thus an absence of 
a personality disorder. Assessment of temperament and character traits can 
improve our understanding of the complex relationship between ADHD and BPD.
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Introduction
Research has shown significant co-occurrence of DSM-IV defined attention-deficit/
hyperactivity disorder (ADHD) and borderline personality disorder (BPD) in adults 
[1-6]. In our previous latent class analyses (LCA) [7], groups of women with differing 
profiles of childhood symptoms of ADHD, adult symptoms of ADHD, and adult 
symptoms of BPD showed BPD to be accompanied by adult symptoms of ADHD but 
the hyperactivity symptoms of ADHD to be least discriminative. Adult hyperactivity 
was not always preceded by childhood hyperactivity; some cases of comorbid 
ADHD and BPD symptoms were not preceded by significant childhood ADHD 
symptoms; and some cases of predominantly BPD symptoms could be traced back 
to combined symptoms of ADHD in childhood [8]. These results prompted us to 
further our work on the relationships between ADHD and BPD but from a more 
developmental perspective.
 To gain greater insight into the different possible pathways leading to ADHD 
with or without BPD, the roles of temperament and personality traits in the 
co-occurrence of ADHD and BPD were examined. Associations with temperament 
and personality may provide clues to the structure and outcome of ADHD and 
thereby etiological theories [9 -12]. ADHD is characterized by three domains of 
behavioral problems (i.e., inattention, hyperactivity, and impulsivity) and, for this 
reason, ADHD particularly lends itself to an examination of the roles of temperament 
and personality in its occurrence. Although the inattention, hyperactivity and 
impulsivity symptom domains cluster together to constitute ADHD as a syndrome, 
the different domains of symptoms may nevertheless have partially distinct 
etiological determinants. The pathways for the different domains of symptoms for 
ADHD may, moreover, overlap with the BPD problems that frequently accompany 
ADHD. Temperament and personality may thus shape the course of ADHD and 
help clarify the nature of the relations between adult ADHD and BPD.
Temperament and character dimensions
In the present research, we draw upon Cloninger’s theory of personality because it 
addresses the genetic and neurobiological bases of personality in interaction with 
the environment and learning [13]. In this theory, it is assumed that personality 
can be typified in terms of four temperament dimensions and three character 
dimensions.
 The temperament dimensions of personality manifest themselves early in life, 
are assumed to be independently heritable, reflect individual differences in basic 
emotional drives, and are defined in terms of differing responses to novelty, harm, 
reward, and tasks requiring persistence [14]. The temperament dimensions of 
personality include Novelty Seeking (i.e., impulsive and irritable versus rigid and 
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stoical), Harm Avoidance (i.e., pessimistic and anxious versus optimistic and 
risk-taking), Reward Dependence (i.e., sociable and warm versus aloof and cold), 
and Persistence (i.e., persevering and ambitious versus easily discouraged and 
indolent). 
 The character dimensions of personality are hypothesized to mature in adulthood 
via conceptual or insight-based learning and to reflect individual differences in 
those higher cognitive processes that define a person’s style of mental self-government. 
The character dimensions of personality include Self-Directedness (i.e., responsible 
and resourceful versus blaming and inept), Cooperativeness (i.e., helpful and 
principled versus hostile and opportunistic), and Self-Transcendence (i.e., intuitive 
and insightful versus concrete and conventional) [15,16]. 
 The seven dimensions of personality are measured using the Temperament 
and Character Inventory (TCI), which is a self-rating instrument [16]. Each of the 
seven temperament and character traits is multifaceted, consisting of several facets 
or lower order components. Twenty five facets altogether (12 facets of temperament 
and 13 facets of character) make up the TCI. From a clinical perspective, the 
presence of a personality disorder is indicated by character immaturity (i.e., low 
Self-Directedness and/or Cooperativeness scores); the type of personality disorder 
is indicated by the configuration of temperament scores [17,18]. Studies have shown 
the character dimensions of Self-Directedness and  Cooperativeness to discriminate 
between patients with or without a diagnosed personality disorder and different 
patterns of temperament scores to correlate significantly with different personality 
disorders [14,19,20].
Previous research on temperament and character in ADHD and BPD 
Previous studies report significant correlations between BPD and high Novelty 
Seeking and Harm Avoidance, on the one hand, and low Self-Directedness and low 
Cooperativeness, on the other hand [19-21]. One study extended this research to 
take gender and comorbidity into account [22]. Women with BPD showed high 
levels of Harm Avoidance but not Novelty Seeking with very low levels of Self 
Directedness.
 Few studies have investigated the TCI profiles of adults with ADHD, but the 
available results show a similar set of associations as for BPD. Adult ADHD subjects 
score significantly higher than normal subjects on the temperament dimensions 
of Novelty Seeking and Harm Avoidance [23-25]. Also compared to the general 
population, much lower scores on the character dimensions of Self-Directedness 
and Cooperativeness are reported. It is therefore suggested that these findings are 
consistent with the notion that early problems form obstacles for later character 
maturation and may predict a high rate of clinically significant personality 
disorder. The study by Anckarsater et al is of particular interest within this context 
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[25] as they measured TCI traits and symptoms of personality disorder in a group 
of outpatients with ADHD. ADHD was associated with low scores for Self-Directedness 
and Cooperativeness but high scores for Harm Avoidance and Novelty Seeking; the 
group of outpatients with ADHD also had high rates of BPD (37%). In light of the 
fact that the personality disorders were described in this study using both the TCI 
and the Structured Clinical Interview for DSM-IV Personality Disorders, the authors 
conclude that the results confirm the assumption that neuropsychiatric disorders 
with a childhood onset reflect a difficult underlying temperament, deficits in 
character maturation, and personality disorders. They also conclude that a “typical 
ADHD temperament” corresponds to an explosive/borderline type of personality 
with high Novelty Seeking and Harm Avoidance in combination with low Reward 
Dependence.
 These results thus appear to show ADHD and BPD to share a number of 
temperament and character traits. In these earlier studies, however, neither the 
comorbid presence of ADHD in the BPD samples nor the comorbid presence of BPD 
in the ADHD samples were controlled for. 
Aims of the present study
Among the aims of the present study was examination of the role of temperament 
and character traits in the differentiation of groups of ADHD and BPD patients 
with differing degrees of ADHD and BPD symptoms. In order to do this, latent 
classes of individuals with similar symptom profiles were used rather than DSM-IV 
subgroups. The advantage of using latent classes as opposed to actual DSM-IV 
subgroups is that the latent classes are phenomenologically homogeneous groups 
(i.e., groups composed of individuals with clearly similar symptom profiles); 
subgroups formed on the basis of the DSM-IV, in contrast, tend to be less 
homogeneous as an ADHD classification without a BPD classification, for example, 
does not imply a total absence of BPD symptoms. 
 Given that the different temperament dimensions of personality are supposed 
to reflect individual differences in basic emotional drives, clear differences in the 
TCI profiles of the latent classes of individuals were expected to be found. Given 
that BPD is characterized by a greater instability of emotion regulation than 
ADHD, the latent classes with mainly BPD symptomatology were expected to show 
comparatively high levels of Harm Avoidance (first hypothesis). Given that ADHD 
and BPD are both characterized by impulsive behavior, high Novelty Seeking 
scores were expected to be found for all of the latent classes of ADHD and BPD with 
those classes with both BPD and ADHD symptomatology showing the highest 
scores (second hypothesis). In keeping with Cloninger’s assumption that low 
character scores are indicative of personality disorders and that ADHD is not a 
personality disorder, lower Self-Directedness and Cooperativeness scores were 
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expected to be found for the latent classes of individuals with BPD symptomatology 
than for the latent classes of individuals with only ADHD symptomatology (third 
hypothesis).
Method
Subjects and assessment
Participants were consecutively recruited female patients referred to the ou t- 
patient ADHD program or outpatient BPD program at the Department of Psychiatry, 
Radboud University Nijmegen Medical Centre, The Netherlands. The patients were 
recruited during a period of approximately 3 years and had to meet the DSM-IV 
criteria for ADHD or BPD to be included in the study. Patients with clinically 
significant chronic medical conditions, mental retardation, organic brain disorders, 
or schizophrenia were excluded from the study. Patients with other comorbid 
psychiatric disorders were not excluded in order to make the sample as 
representative of the actual clinical population as possible. Diagnostic assessment 
was part of the standard clinical diagnostic procedures and the part related to the 
present ADHD research projects was approved by the local Medical Ethical 
Committee. All patients signed an informed consent form prior to participation.
 Out of a total of 45 patients recruited from the ADHD program, 5 were 
excluded: 4 dropped out without notification and 1 considered the procedure too 
stressful. Out of a total of 78 patients recruited from the BPD program, 15 were 
excluded: 3 dropped out without notification, 11 did not meet the DSM-IV criteria 
for BPD, and 1 was diagnosed with schizophrenia. The final sample thus included 
103 patients (or 84% of the recruited patients): 40 from the ADHD treatment 
program and 63 from the BPD treatment program. Six (or 15%) of the ADHD 
patients had a comorbid diagnosis of BPD, leaving 34 patients in this group with 
ADHD alone (mean age = 35, SD = 12). Of the 63 BPD patients, 21 (or 33%) had a 
comorbid diagnosis of ADHD (i.e., ADHD in childhood and adulthood), which left 
42 patients in this group with what appeared to be BPD alone. We were unable to 
attain informant accounts of childhood symptoms of ADHD for 13 of the 42 
patients meeting the criteria for BPD. Of these 13, 5 met the criteria for ADHD in 
adulthood; the other 8 cases did not meet the criteria for ADHD in adulthood, 
which meant rejection of a possible diagnosis of ADHD. This left a total of 37 
patients with a diagnosis of BPD alone (mean age = 31, SD=7). A total of 27 patients 
had a clear diagnosis of both ADHD and BPD (mean age = 32, SD = 9).  
 Patients underwent comprehensive clinical assessment. This included psychiatric 
evaluation and both structured and semi-structured diagnostic interviews, which 
were conducted by trained psychologists or psychiatric trainees under the 
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supervision of a senior psychiatrist. The interviewers were blind to all prior 
clinical diagnoses. 
 The presence of ADHD symptoms in childhood and adulthood (i.e., current) 
was assessed using a Semi-Structured Interview for ADHD [26]. This interview has 
been used in previous studies of adult ADHD [27-29] and shown to be both reliable 
and valid. Confirmation of the developmental history and childhood occurrence 
of ADHD symptoms was obtained from the parents or, when unavailable, an older 
sibling of the patient. In addition, the Dutch versions of the ADHD-DSM-IV Rating 
Scales [30] were completed by patient, spouse, parent, and investigator to gather 
information on the exact DSM-IV criteria for ADHD in childhood and adulthood. 
The following was required to be the case for assignment of a full diagnosis of 
adult ADHD: (1) at least 6 of the 9 DSM-IV criteria for inattention and/or 
hyperactivity/impulsivity had to be met for diagnosis of childhood ADHD and at 
least 5 of the 9 criteria for diagnosis of adult ADHD; (2) a chronic course of persistent 
ADHD symptoms from childhood to adulthood had to be reported; and (3) a 
moderate to severe level of impairment that can be attributed to the symptoms of 
ADHD had to be experienced. The cut-off point of 5 out of the 9 criteria for diagnosis 
of adult ADHD is based upon the literature and epidemiological data using the 
same DSM-IV ADHD Rating Scale [28,31,32].
 The Structured Clinical Interview for DSM-IV Axis II Personality Disorders 
(SCID-II) was used to determine the presence of BPD [33]. A BPD diagnosis was only 
given when no Axis I syndrome (i.e., clinical disorder) could account for the 
patient’s complaints or dysfunctioning. Axis-I comorbidity was assessed using the 
Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I) [33].
 The Dutch version of Cloninger’s Temperament and Character Inventory (TCI) 
was used to measure the temperament and character dimensions of personality. 
The TCI has been shown to have good psychometric qualities on the basis of 1034 
healthy individuals from the general population [35,36]. 
Statistical analyses
In previous work [8], latent class analysis (LCA) [7] was used to identify mutually 
exclusive classes of ADHD and BPD patients with homogeneous symptom profiles. 
Using Mplus version 4.1 [37], BPD symptoms in addition to childhood and adulthood 
symptoms of ADHD were used to create symptom profiles for these periods. In the 
present work, the scores of the patients on the TCI scales and subscales were 
compared across the four latent classes of patients with adult diagnoses of ADHD 
or BPD and homogeneous symptom profiles. The raw TCI subscale scores were 
converted into gender corrected T-values using the Dutch/Flemish population 
norms [36]. Given that part of the data was not normally distributed — as indicated 
by Detrended Normal Q-Q plots and the Shapiro-Wilks test — the non-parametric 
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Mann-Whitney U rank sum test for independent samples was adopted. The T-values 
for the temperament and character dimensions of personality were compared to 
an expected population mean of 50 (SD=10). All tests were two-tailed and the 
p-value was set at .05. These calculations were done using SPSS (version 16.0).
Results
In Figure 1, an overview of the occurrence of adult ADHD and BPD symptoms for 
the latent classes of patients is presented. Class 1(29/103 = 28%) shows ADHD 
symptoms but no symptoms of BPD. The other three latent classes show BPD 
symptoms in addition to symptoms of ADHD. Class 2 (20/103 = 19%) shows high 
levels of BPD symptoms and moderate to high levels for the hyperactivity symptoms 
of ADHD. Class 3 (32/103 = 31%) shows high levels of BPD symptoms and high levels 
of symptoms for the inattention, hyperactivity, and impulsivity aspects of ADHD 
(i.e., all aspects). Class 4 (22/103 = 21%) shows high levels of BPD symptoms and high 
Figure 1   Latent class probabilities of adulthood ADHD and BPD symptoms in 
103 female patients with ADHD, BPD, or both
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4
levels for the inattention and hyperactivity aspects of ADHD. In Figure 2, the TCI 
profiles for the four latent classes of patients are presented. The scores are 
T-corrected means with 50 thus representing the expected population mean.
When the corrected TCI temperament scores for the latent classes of patients were 
compared to the expected norm and across the different classes (Table 1), Novelty 
Seeking showed significantly higher scores for classes 1, 3, and 4 relative to the 
norm population. Only class 2, which was composed of patients with symptoms of 
BPD and only symptoms of ADHD hyperactivity, produced average Novelty Seeking 
scores when compared to the norm. Comparison of the latent classes of patients 
showed Novelty Seeking in class 3, which involved high levels of both BPD and 
ADHD symptoms in all areas, to be highest and significantly different from 
Novelty Seeking in the other latent classes. The subscales of Novelty Seeking show 
Figure 2   Temperament and Character Inventory profile in female adult classes 
of ADHD and BPD symptoms
Scores are given as T-corrected means. NS indicates Novelty Seeking; HA, Harm Avoidance; RD, Reward 
Dependence; P, persistence; SD, Self-directedness; CO, Cooperativeness; ST, Self-Transcendence. Class 1: 
ADHD inattention, hyperactivity, and impulsivity symptoms; class 2: BPD symptoms + ADHD hyperactivity 
symptoms; class 3: BPD symptoms + ADHD inattention, hyperactivity, and impulsivity symptoms; class 4: 
BPD symptoms + ADHD inattention and hyperactivity symptoms.
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this difference to be mainly due to the high scores on Impulsivity and Disorderliness 
for class 3. In line with the total Novelty Seeking score on which class 2 scored 
average compared to the norm, class 2 also scored average on Impulsivity and 
Extravagance but above average on Disorderliness.
 Significantly higher scores relative to the norm population were also found 
for Harm Avoidance for classes 2, 3, and 4; class 1, which involved only symptoms 
of ADHD hyperactivity, was an exception. Comparison of the latent classes of 
patients showed Harm Avoidance to be highest in the latent classes with high 
levels of BPD symptoms together with high levels of symptoms in all areas of 
ADHD (class 3) and together with high levels of ADHD symptoms in the areas of 
Inattention and Hyperactivity (class 4). The subscales of Harm Avoidance showed a 
similar pattern: classes 2, 3 and 4 showed scores significantly above the normal 
range with classes 3 and 4 also in particular with respect to class 1. 
 For the Reward Dependence aspect of temperament, a significantly lower score 
than normal was found for class 3. Comparison of the latent classes showed Reward 
Dependence to be significantly lower in classes 2, 3 and 4, which have the most 
symptoms of ADHD in conjunction with BPD, than in class 1 with only symptoms 
of ADHD. The RD subscales showed scores equal to the norm for all classes 
Comparison of the classes revealed differences between classes 1 and 3 and classes 
1 and 4 on the Attachment and Dependence subscales; class 1 scored significantly 
higher on these subscales. All four of the latent classes showed normal scores for 
the Persistence aspect of temperament. 
 With regard to the character dimensions of personality, significantly lower 
Self-Directedness scores relative to the norm were found in all of the latent classes. 
Comparison of the latent classes themselves showed the scores in class 1 with only 
symptoms of ADHD to be significantly higher than the scores in the other three 
classes, which all involve symptoms of both BPD and ADHD. The same pattern was 
found for all 5 subscales of Self Directedness.
 For Cooperativeness, significantly higher scores were found relative to the 
norm for all of the latent classes with the exception of class 1 (i.e., the class with 
only symptoms of ADHD). Comparison of the latent classes themselves showed 
classes 2, 3, and 4 to not differ significantly from each other but to have significantly 
higher Cooperativeness scores than class 1. The Cooperativeness subscales show a 
similar pattern with the class 1 scores in the normal range and the scores for the 
other classes below the normal range. The scores for the Self-Transcendence aspect 
of character were average for all of the latent classes.
 Overall, the present results show a high Novelty Seeking temperament in all 
of the latent classes with the exception of that class with mostly BPD symptoms 
(i.e., class 2). The highest Novelty Seeking temperament scores were found in that 
class of patients with both symptoms of BPD and symptoms in all areas of ADHD 
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(i.e., class 3). The class of patients with only ADHD symptoms (i.e., class 1) scored 
normal on Harm Avoidance while the other three classes of patients with BPD 
symptoms in addition to symptoms of ADHD scored significantly higher than 
normal on Harm Avoidance. With regard to the character dimensions of personality, 
scores that were particularly lower than normal were found for Self-Directedness 
and Cooperativeness in those classes of patients with BPD symptoms. 
Discussion
In the present research, the TCI results for previously identified latent classes of 
patients with similar ADHD and BPD symptom profiles were examined to identify 
shared and unique personality characteristics. This was done to also gain greater 
insight into the possible pathways from early temperament, in particular, to 
future ADHD and/or BPD outcome. Specifically, we expected high scores on Novelty 
Seeking for all classes of patients and perhaps even higher scores for those patients 
with symptoms of both ADHD and BPD (i.e., classes 2, 3, and 4). We also expected 
particularly high Harm Avoidance and low Cooperativeness for the class of patients 
with mostly BPD symptomatology (i.e., class 2). 
 With the exception of the class of patients with mostly symptoms of BPD and 
only ADHD symptoms of hyperactivity (i.e., class 2 patients), all of the patients 
scored significantly above average on Novelty Seeking. Contrary to most previous 
studies that associate a high Novelty Seeking temperament with BPD, it can 
therefore be suggested that an above-average Novelty Seeking temperament is 
most strongly linked to ADHD and less strongly linked to BPD. When the scores on 
the subscales of Novelty Seeking were analyzed, we also found the patients in class 
2 to show average scores on Impulsivity and Extravagance but above average scores 
on Disorderliness, which indicates quick temperedness.  
 The highest Novelty Seeking scores were found for the class of patients with 
symptoms of BPD and symptoms in all areas of ADHD (i.e., class 3 patients). These 
patients not only scored highest compared to the expected population mean but 
also compared to the other latent classes of patients. The question, thus, is why the 
patients with the least ADHD symptoms (i.e., class 2) show only average scores for 
Novelty Seeking (i.e., Impulsivity) while the highest Novelty Seeking scores are 
found for those patients with the most symptoms of ADHD in combination with 
symptoms of BPD (i.e., class 3). Regarding the first part of this question, we would 
like to point out that the class 2 of patients was characterized by an absence of 
problems in the ADHD area of inattention while inattention scores (i.e., this aspect 
of ADHD) and Novelty Seeking scores (i.e., this aspect of temperament) were found 
to be related for the other classes of patients. A temperament tendency towards 
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impulsivity in response to novel stimuli (i.e., high Novelty Seeking) may thus be 
strongly influenced by inattention problems. Regarding the second part of the 
question, it is conceivable that a temperament predisposition for very high Novelty 
Seeking can lead to the development of BPD in addition to ADHD. Having an 
outspoken Novelty Seeking temperament and thus a predisposition to actively 
respond to novel stimuli may well foster risky behavior on the part of the 
individual, and this may — in turn — alter the course of the individual’s personality 
development and thereby lead to the development of BPD at times. That is, insight 
into the Novelty Seeking dimension of personality can shed light upon the relation 
between ADHD and BPD as comorbid disorders. 
 As expected, we found the patients with BPD symptoms (i.e., those in classes 
2,3, and 4) to score significantly higher than normal on Harm Avoidance with no 
differences between these classes whereas those patients with only symptoms of 
ADHD scored within the normal range. This finding appears to contradict previous 
work in which ADHD was found to be associated with high Harm Avoidance [23-25] 
but, as already mentioned, previous research may have been biased because there 
was no control for comorbid personality disorders like BPD. We suspect that high 
Harm Avoidance may be specifically linked to BPD, as demonstrated in previous 
studies, but not to ADHD. And the present data suggests that ADHD patients 
without symptoms of BPD are indeed less predisposed to be nervous, tense, and 
insecure than ADHD patients with symptoms of BPD. That is, the present findings 
are perfectly in line with the characterization of BPD in terms of emotional 
instability.
 Finally, the patients with symptoms of ADHD but no symptoms of BPD scored 
significantly higher on the character dimensions Self-Directedness and Coopera-
tiveness than the other patients and, in fact, showed normal character development. 
All of the patients with symptoms of BPD, in contrast, showed Self-Directedness 
and Cooperativeness scores that point in the direction of deviant character 
development. These results confirm Cloninger’s assumption that low scores on the 
character scales of his inventory indicate a personality disorder. They are also in 
line with other evidence showing low Self-Directedness and Cooperativeness 
scores to be associated with BPD [19-22]. While ADHD thus relates to temperament 
and thereby personality, it should not be conceptualized as a personality disorder. 
This is an important finding with clear clinical implications. Using the TCI, it is 
possible to differentiate ADHD accompanied by a mature character versus ADHD 
accompanied by a personality disorder. It goes without saying that such 
information is important for the indication and outcome of treatment. 
 A limitation in the present research is that a relatively small sample of only 
female subjects was used. The sample was acceptable for LCA but limited to female 
ADHD and BPD populations. The research should thus be extended and replicated 
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with larger and more varied samples. A definite strength of the present study is 
nevertheless that it used a well-defined and carefully diagnosed sample; clinical 
interviews with a number of parties and not just patient self-reports were also 
employed.
 To summarize, the female patients with similar patterns of ADHD and BPD 
symptoms (i.e. the four classes) in the present study showed different temperament 
and character traits. It is therefore suggested that the temperament trait of high 
Novelty Seeking is linked to ADHD and, more specifically, to the inattention 
domain of ADHD while the temperament trait of high Harm Avoidance and the 
character traits of low Self-Directedness and low Cooperativeness appear to be 
linked to BPD. An outspoken Novelty Seeking temperament may nevertheless 
predispose the individual to develop a comorbid BPD although this is only part of 
a more complicated picture. 
 Novelty Seeking — perhaps in combination with Harm Avoidance — may well 
play a role in the etiology of BPD but, as for most mental disorders, no single factor 
can explain the emergence and development of BPD. Multiple risk factors, 
biological, psychological, and social, play a role in the etiology of mental disorders 
and certainly BPD [38]. It is well-known, for example, that sexual and physical 
abuse can contribute to the occurrence of borderline symptoms and that such 
abuse often occurs within the context of a disturbed family environment [39,40]. 
However, the co-occurrence of these factors makes it difficult to distinguish the 
effects of the abuse from the effects of the family environment. The personality 
characteristics of parents may also contribute genetically, environmentally, and 
interactively to the development of personality pathology. In future research, all 
of these factors must be taken into consideration in order to better understand the 
role of early differences in personality in the shaping of adult personality and the 
occurrence of such psychiatric disorders as ADHD and BPD. In the present study, 
the focus was on the biological factor of personality (i.e. temperament) and a valid 
manner of exploring the co-occurrence of ADHD and BPD in adulthood was shown 
to help us to map the heterogeneous course of these overlapping syndromes.
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Abstract
This study examined whether cognitive measures of response inhibition derived 
from the AX-CPT are able to differentiate between adult attention deficit/hyper -
activity disorder (ADHD), borderline personality disorder (BPD), and healthy 
controls (HC). Current DSM-IV-TR symptoms of ADHD and BPD were assessed by 
structured diagnostic interviews, and parent developmental interviews were used 
to assess childhood ADHD symptoms. Patients (14 ADHD, 12 BPD, 7 ADHD and BPD, 
and 37 HC) performed the AXCPT. Seventy percent of AX-CPT trials were target 
(AX) trials, creating a bias to respond with a target response to X probes in the 
nontarget (AY, BX, BY) trials. On BX trials, context, i.e. the non-‘A’ letter, must be 
used to inhibit this prepotent response tendency. On AY trials context actually 
causes individuals to false alarm. The effects of ADHD and BPD on AX-CPT outcome 
were tested using two-way ANOVA. BPD was associated with higher percentage of 
errors across the task and more errors and slower responses on BX trials, whereas 
ADHD was associated with slower responses on AY trials. The findings suggest 
response inhibition problems to be present in both ADHD and BPD, and patients 
with BPD to be particularly impaired due to poor context processing.
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Introduction
Previous research has shown significant co-occurrence of DSMIV-TR defined 
borderline personality disorder (BPD) and attention deficit hyperactivity disorder 
(ADHD) in adults with the use of self-report questionnaires or structured psychiatric 
interviews. Up to 60% of BPD patients met criteria for ADHD in childhood and up 
to 38% of BPD patients showed a co-occurring adult ADHD diagnosis. Impulsivity 
symptoms and traits are important overlapping features (Andrulonis et al., 1981, 
1982; Rey et al., 1995; Fossati et al., 2002; Dowson et al., 2004a; Philipsen et al., 2008; 
Ferrer et al., 2010; van Dijk et al., 2011, 2012). This behavioral overlap influences 
diagnostic outcome and indications for treatment. It is therefore important to 
clarify whether the shared symptoms are pointing to the same underlying 
cognitive processes or whether BPD and ADHD can be differentiated at the level 
of cognitive processes. 
 It is suggested that impulsive behavior, broadly defined as the tendency to act 
prematurely without foresight, is not a unitary construct, but rather consists of 
several independent dimensions involving various forms of impaired cognitive 
control. Impulsivity could incorporate behavior that has not adequately sampled 
sensory evidence (“reflection impulsivity”), a failure of motor or response inhibition 
(“impulsive action”), a tendency to accept small immediate or likely rewards versus 
large delayed or unlikely ones (“impulsive choice”) and risky behavior, in the 
context of decision making (Evenden, 1999). 
 Reviews (Woods et al., 2002; Hervey et al., 2004; Seidman et al., 2004; Boonstra 
et al., 2005; Schoechlin and Engel, 2005) and several more recent single studies 
(Fischer et al., 2005; Nigg et al., 2005b; Faraone et al., 2006; Biederman et al., 2007; 
Stavro et al., 2007; Boonstra et al., 2010) are clear in showing that adults with 
ADHD have deficits in executive functioning in general and response inhibition 
(i.e. the behavioral phenomena of “impulsive action”) in particular. In fact, 
inhibitory dysfunction is regarded as underpinning one of a number of dissociable 
and different pathways to ADHD (Nigg et al., 2005c; Sonuga-Barke et al., 2010). 
However, it remains unclear if inhibition deficiencies are specific for ADHD, 
especially with regard to BPD. Non-ADHD clinical control groups with mood and 
anxiety disorders appeared to perform better on response inhibition tasks than 
adults with ADHD (Barkley et al., 2001; Epstein et al., 2001; Murphy et al., 2001), 
but patients with schizophrenia perform equally worse as patients with ADHD 
(Ross et al., 2000). 
 The results of neuropsychological studies of patients with BPD are mixed but 
mostly indicate that individuals with BPD also exhibit inhibitory dysfunction. 
Problems with an impulsive response style with difficulty delaying, a preference 
for immediate gratification, and impairments that reflect the inhibition of 
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ongoing responses are frequently found in mostly female patients with BPD when 
compared to healthy controls (Leyton et al., 2001; Bazanis et al., 2002; Dinn et al., 
2004; Nigg et al., 2005a; de Bruijn et al., 2006; Grootens et al., 2008b; Rentrop et al., 
2008; McCloskey et al., 2009; Volker et al., 2009; Lawrence et al., 2010). 
 Deficient inhibitory control in its broadest sense may thus underlie both 
ADHD and BPD. However, it is currently unclear to what extent BPD is associated 
with response inhibition problems independently of the frequently co-occurring 
ADHD. To date, we found four studies comparing patients with ADHD and BPD 
in terms of neuropsychological overlap and differences. 
 The first one, although not focusing on response inhibition in particular, 
compared adults with ADHD, BPD and healthy controls (each group N¼19). No 
significant group differences were found for spatial working memory and spatial 
recognition memory, but the mean deliberation time for the decision-making task 
was significantly longer in the BPD than in the other groups, and with a significant 
difference between the BPD and ADHD group. The authors concluded that subjects 
with ADHD and BPD may have dissociable patterns of neuropsychological 
impairments (Dowson et al., 2004b). 
 Another study did focus on response inhibition in particular and measured 
stop signal reaction times in 105 adults with ADHD (of whom 20% with co-occurring 
BPD) and 90 controls (Nigg et al., 2005a). The results provided evidence that problems in 
response inhibition are specific to BPD symptoms even when symptoms of other 
personality disorders, lifetime depression, anxiety, and posttraumatic symptoms 
are controlled for. However, this effect could still be due to the overlap of BPD and 
ADHD symptoms. When ADHD symptoms were entered as a predictor, response 
inhibition ceased to be significantly associated with BPD symptoms, probably due 
to the high correlation of ADHD and BPD in the sample. The authors emphasize 
the importance of clarifying whether BPD per se is related to problems of response 
inhibition. 
 A third study compared four groups of participants (22 ADHD, 21 BPD, 20 
ADHD with BPD and 20 Healthy Controls) on various inhibitory functions. ADHD 
patients performed significantly worse on tasks that measure the ability to 
interrupt an already ongoing response, but showed no significant deficits in the 
capacity to suppress prepotent responses as tested with the error rate of a go/no go 
test. In all inhibitory tasks, ADHD subjects showed generally longer RTs than 
controls. Patients with ADHD and BPD did not differ significantly from those with 
pure ADHD on any cognitive task and the BPD group achieved better results than 
the ADHD group in most tasks. The authors conclude that impaired inhibition is a 
core feature in adults with ADHD, but not in adults with BPD, and that ADHD and 
BPD have no common attention or inhibitory deficits (Lampe et al., 2007). 
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 The most recent study explored the role of stress in different components of 
impulsivity, including response inhibition, in four groups of participants (15 BPD, 
15 BPD with ADHD, 15 ADHD and 15 healthy controls) (Krause-Utz et al., 2013). The 
results showed impaired response inhibition as measured with the Immediate and 
Delayed Memory Task (IMT/DMT) in patients with both BPD and ADHD, but not in 
those with BPD but without ADHD. 
 In summary, these studies seem to contradict the probable shared response 
inhibition problems between ADHD and BPD as well as the previous findings of 
inhibitory dysfunction in BPD. Given these inconsistencies might be explained in 
part by heterogeneity in the inclusion and exclusion criteria, the issue of response 
inhibition in BPD and ADHD needs further investigation.
 Continuous performance tasks (CPT’s) are among the most used tasks to assess 
impulsive action. CPT’s are based on the paradigm that a global prepotency of 
response is created that must occasionally be overridden by voluntary control 
(Rosvold and Delgado, 1956). Research on this paradigm has been relatively 
voluminous, in both the experimental and the clinical literature (Riccio and 
Reynolds, 2001; Riccio et al., 2002). Several studies have associated ADHD with 
impaired CPT performance but comparison with clinical samples is scarce (Woods 
et al., 2002; Hervey et al., 2004). We found four studies reporting specifically on 
CPT performance in BPD of which the results are ambiguous. One study showed 
slightly but not significantly more errors in female BPD patients compared to 
healthy controls but not to individuals with depression (Volker et al., 2009). Yet two 
other studies found significantly more errors and more inattentiveness on the CPT 
indices in patients with BPD compared with non-psychiatric controls (Rubio et al., 
2007; Ruocco et al., 2012). The most recent study investigated response inhibition 
and working memory together with elementary cognitive processes in BPD 
and healthy controls (Hagenhoff et al., 2013). As in other tasks, they found no 
impairments of response inhibition in the AX-CPT results. Moreover they found 
faster responses along with comparable accuracy, suggesting a superiority of faster 
cognitive processing in BPD. Correctly, the authors mention that it has to be 
investigated whether this alteration might shift into a disadvantage when task 
characteristics favor impulsive responding. Also, faster motor reactions may be an 
indication of response inhibition deficit (Conners, 2000). 
 In the present study we aim to examine whether cognitive measures of 
response inhibition derived from an Expectancy AX version of the Continuous 
Performance Task (AX-CPT) are able to differentiate between ADHD, BPD, and 
healthy controls. An advantage of using the AX-CPT is that it takes into account 
that response inhibition also depends on context processing, i.e. the representation, 
maintenance and updating of context in prefrontal networks (Braver et al., 2009). 
From this perspective, inhibition is the processing of task-relevant information to 
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provide the top down support needed to allow secondary responses to compete 
effectively with distracting information. In the AX-CPT task, contextual information, 
conceptualized as any task relevant information that is internally represented, is 
required to drive or inhibit responses to a target stimulus (Braver and Barch, 2002). 
In the Expectancy AX-CPT, AX trials comprise a large portion (70%) of the overall 
task which creates a strong expectancy and tendency toward responding with the 
target button. Participants ability to inhibit this prepotent tendency is particularly 
evident on the small portion (10%) of the remaining trials in which the cue letter 
A is followed by a probe letter other than X (i.e. an AY trial). Errors occur if 
participants respond when they are required to inhibit their response and high 
error rate points to difficulties with response inhibition.
 On another portion (10%) of the non-target trials, a cue letter other than A is 
followed by the probe letter X (i.e. a BX trial). Note that on BX trials, the internal 
representation of context should improve performance, by inhibiting an 
inappropriate response bias. However, on AY trials, representation of context 
should impair performance, by creating an inappropriate expectancy bias. 
 Thus, if context representations are intact, AY performance should be worse 
than BX performance (both in errors and or RT). Conversely, if context representa-
tions are impaired, BX performance should be worse than AY performance. 
Performance on AX target trials should also be poorer if context processing is 
impaired, since determination of targets is dependent upon the context provided 
by the cue. However, AX performance should not be as impaired as BX performance, 
since on AX trials, the response bias works in subjects favor, by increasing the 
tendency to make the correct target response. Finally, a third type of nontarget 
trial, BY, provides a useful internal control, since in these trials the influence of 
context on performance should be relatively small (given that both the cue and the 
probe always map to a nontarget response) (Servan-Schreiber et al., 1996; Cohen et 
al., 1999; Barch et al., 2004; Bodner et al., 2012). The expectancy variant of the AX 
CPT paradigm has the potential to produce a double dissociation in performance: 
individuals with a context-processing deficit would show impaired performance 
on BX trials, whereas those with intact context-processing would perform worse 
on AY trials (MacDonald, 2008). 
 We aim to examine whether cognitive measures of response inhibition derived 
from an Expectancy AX version of the Continuous Performance Task (AX-CPT) are 
able to differentiate between ADHD, BPD, and healthy controls. We anticipate 
finding response inhibition problems in BPD independent of ADHD. Further, given 
that BPD is a personality disorder encompassing deficits in social and emotional 
functioning that are broader than just impulse control, we expect BPD to be 
associated with problems in context processing.
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Method
Subjects
Participants were consecutively recruited patients referred to the in- and 
outpatient ADHD program or BPD program at the Department of Psychiatry of 
the Radboud University Nijmegen Medical Centre, the population of the GGZ 
Oost Brabant (sites Oss and Veghel) and Spatie Mental Health Centre (Apeldoorn) in 
The Netherlands. The patients were recruited during a period of approximately 
2 years and had to meet the DSM-IV criteria for ADHD or BPD to be included in the 
study. Patients were excluded if they met DSM-IV-TR criteria for depressive disorder, 
bipolar disorder, schizophrenia, schizoaffective disorder, schizophreniform disorder, 
delusional disorder, other psychotic disorders, schizoid or schizotypal personality 
disorder, (history of) alcohol- or substance dependence, and if they had first degree 
relatives with DSM-IV axis I schizophrenia, or schizophreniform disorder. Patients 
with a history of trauma capitis, visual and auditory disorders, neurological 
disorders, and if they had first-degree relatives with any relevant neurological or 
psychiatric disorders were also excluded. Diagnostic assessment was part of the 
standard clinical diagnostic procedures. 
 The healthy volunteers were recruited by means of advertisements in local 
newspapers. The volunteers had a negative history for psychiatric disorders and 
were matched with the patient groups on sex, age and education. All subjects were 
paid 10 euro per hour for their participation. The present study was conducted in 
accordance with the declaration of Helsinki. Approval of this study was obtained 
from the local ethics committee. All participants signed an informed consent 
form prior to participation. A total of 78 subjects, aged 18 to 50, participated in the 
study on the basis of informed consent and having been diagnosed according to 
the DSM-IV-TR system with ADHD (N=19) or BPD (N=17), or being healthy controls 
(HC) (N=42). All diagnoses were established after a systematic and comprehensive 
psychiatric assessment had been performed. This included a psychiatric evaluation 
and both structured and semi-structured diagnostic interviews, which were 
conducted by trained psychologists or psychiatric trainees under the supervision 
of a senior
psychiatrist. 
 The presence of ADHD symptoms in childhood and adulthood (i.e. current) 
was assessed using a Semi-Structured Interview for ADHD (Kooij, 2002). This 
interview has been used in previous studies of adult ADHD (Kooij et al., 2001, 2005) 
and shown to be both reliable and valid. Confirmation of the developmental 
history and childhood occurrence of ADHD symptoms was obtained from the 
parents or, when unavailable, an older sibling of the patient. In addition, the Dutch 
versions of the ADHD-DSM-IV Rating Scales (DuPaul et al., 1998) were completed by 
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patient, spouse, parent, and investigator to gather information on the exact 
DSM-IV criteria for ADHD in childhood and adulthood. The following was required 
to be the case for assignment of a full diagnosis of adult ADHD: (1) at least 6 of the 
9 DSM-IV criteria for inattention and/or hyperactivity/impulsivity had to be met 
for diagnosis of childhood ADHD and at least 5 of the 9 criteria for diagnosis of 
adult ADHD; (2) a chronic course of persistent ADHD symptoms from childhood to 
adulthood had to be reported; and (3) a moderate to severe level of impairment 
that can be attributed to the symptoms of ADHD had to be experienced. The cut-off 
point of 5 out of the 9 criteria for diagnosis of adult ADHD is based upon the 
literature and epidemiological data using the same DSM-IV ADHD Rating Scale 
(Kooij et al., 2005) and in accordance with the current ADHD definition in DSM-5. 
 The Structured Clinical Interview for DSM-IV Axis II Personality Disorders 
(SCID-II) was used to determine the presence of BPD (Weertman et al., 2000). A BPD 
diagnosis was only given when no Axis I syndrome (i.e. clinical disorder) could 
account for the patients complaints or dysfunctioning. Axis-I comorbidity was 
assessed using the Structured Clinical Interview for DSM-IV Axis I Disorders 
(SCIDI) (Groenestijn et al., 1999). Since we were especially interested in the differ-
entiation of the overlapping impulsivity symptoms in ADHD and BPD, we included 
only those patients with impulsivity symptoms as specified in the DSM-IV for 
ADHD (i.e. satisfying criteria for ADHD predominantly hyperactive/impulsive type 
or ADHD combined type) and/or BPD (i.e. satisfying criterion 4 (impulsivity) of the 
BPD section in the SCID-II). All patients had an estimated average or above average 
intelligence based on clinical judgment and educational level. Educational level 
was determined using a three level classification, (level 1: primary school or less, 
level 2: secondary school, level 3: higher education or university) based on the 
Dutch education system. Healthy controls were screened using the Dutch version 
of the M.I.N.I. Plus structured interview (Sheehan et al., 1998) and ADHD self-report 
rating scale. 
 Participants completed the neuropsychological testing after the instruction 
not to use alcohol more than 3 units/day (one unit stands for the so called “standard 
drink” in the Netherlands, which contains 12 ml or 10 g of alcohol) during the 
week before the experimental measures, not to use alcohol within 24 h before 
measurement, not to use cannabis or other illicit drugs within the week before 
measurement, not to use any psychotropic medication, other than oxazepam, 
during the 5 days before measurement, not to use oxazepam within 12 h before 
measurement and not to smoke within 3 h before measurement. Patients using 
methylphenidate were not allowed to use it on the day of the experiment. 
 Of the total sample of 78 participants, 8 participants (3 BPD and 5 HC) were 
detected as obvious outliers far outside the 95% confidence interval. They made 
systematically too many errors of all kind. We suspect either miscomprehension of 
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the task or lack of motivation for the task. Unfortunately, we do not know the 
actual cause of these outliers. We removed these cases in order to get the most 
honest estimate of population parameters possible. The final sample consisted of 
70 participants: 14 Patients with ADHD (mean age=41.9 years; male: female ratio 7:7), 
12 patients with BPD (mean age=27.3 years; male: female ratio 0:12), 7 patients 
with both ADHD and BPD (mean age=35 years; male: female ratio 3:4), and 37 
healthy controls (mean age=31.1 years; male: female ratio 11:26). The small sample 
size indicates that the present study should be considered as a pilot study.
AX-CPT task
An Expectancy AX-CPT task (Fig. 1) was programmed in Delpi to run on an 
WindowsXP system. Further, the program used “PerformanceCounter” with 
which time differences smaller than microseconds can be measured and very 
accurate inter-stimuli intervals can be produced. The measurements results of the 
program are up to 1 ms precise because it synchronizes stimuli and reaction times 
with the viewing screen and because the responses were measured with a special 
button box that can pass on a change in the status of the buttons every millisecond. 
As in typical AX-CPT tasks, participants were presented with cue probe pairs. 
Single letters were consecutively shown in white on a black screen. Participants sat 
in front of the response button box and were instructed to respond as quickly and 
accurately as possible by giving a target response (press right button on the 
button-box) after the probe ‘X’ in combination with the cue ‘A’, or a nontarget 
response (press left) after any other combination of letters. Seventy percent were 
target trials (Braver et al., 2001) (83 AX trials, 12 AY trials, 12 BX trials and 12 BY 
trials). The letters were presented for 350 ms, with a 1200 ms interstimulus 
interval. To increase task difficulty, two distracters letters were presented in red 
between cue and probe. By increasing task difficulty the number of errors is 
higher, and consequently the task could be shortened. This was done in order to 
minimize the burden for the participants and increase their compliance to 
complete the task correctly. 
 Following explanation of the task instructions, participants were administered 
practice trials. During the practice trials all letter combinations were used. 
Participants performed 10 trials. The trial session was repeated until the 
participant understood the task and was able to perform the trial session with a 
maximum of 1 mistake. Performance during the practice trials was closely 
monitored by the examiner and if necessary additional prompting was given so to 
ensure full understanding of the task before initiation of the 120 experimental 
trials. Participants performed the AX-CPT for 10 min. Response time and error rate 
(i.e. pressing the target button where this should have been the non-target button 
or vice versa) were recorded.
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Statistical analyses
For each subject, mean reaction time (RT) and mean error rate (i.e. percentage of 
pressing the target button where this should have been the non-target button or 
vice versa) across all trial types were computed (Table 1). Moreover, data were 
analyzed separately for the AY and BX trial types. A two way ANOVA (ADHD (two 
levels)_BPD (two levels)) was used to examine the effects of disorder on these AX 
CPT outcome measurements. F, p, and ηp² values are reported. Data were analyzed 
using SPSS version 20. Alpha level was set at.05.
Results
Irrespective of the presence/absence of ADHD, there was a significant main effect 
of BPD on overall error rate (F(1,66)=6.935, p=0.011, ηp²=0.064), BX error rate 
(F(1,66)=5.288, p=0.025, ηp²=0.074), and RT on BX trials (F(1,66)=4075, p=0.048, 
ηp²=0.058). There was one main effect of ADHD on RT on AY trials (F(1,66)=7485, 
p=0.008, ηp²=0.102). There were no significant interaction effects found on our 
main outcome measurements. However, post-hoc analyses of the AX error rate, 
which was very high in the patients with BPD (Table 1), showed significant 
interaction effects between ADHD and BPD (F(1,66)=4.518, p=0.037, ηp²=0.064).
Figure 1   AX-CPT task parameters and timing
A E C X A K S G
G K T X L D U T
AX AY
120 Trials: AX-70%, AY 10%, 
BX 10%, BY 10%.
Instruction: Your target response
is an ‘X’, but only when it follows an 
‘A’. Response: press right button
 - target; press left button - nontarget.
Letters were presented for 
350 msec with an 1200 msec 
interstimulus interval.
BX BY
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Discussion
Previous studies indicated behavioral overlap of impulsivity problems between 
adult ADHD and BPD. Research focusing on the neurocognitive or neuropsychological 
basis of this behavioral overlap is however scarce and contradictory and has not 
convincingly established whether or not BPD is related to response inhibition 
deficits independently of ADHD. In order to contribute to this question we 
examined the effects of ADHD and BPD on AX-CPT outcome. In line with the 
behavioral overlap of impulsivity symptoms, we hypothesized that both patients 
groups would show impaired response inhibition. Further, we were interested in 
whether performance on the specific BX and AY trial types of the AX-CPT is equally 
problematic or could pinpoint to differences and a more specific interpretation of 
response inhibition problems in our patient groups. In particular, we hypothesized 
that BPD is associated with problems in context processing (i.e. reflected in 
abnormal scores on BX trials). 
 The results showed that patients with BPD have the highest overall error rate 
in comparison to the other groups. This difference is especially large in the AX 
trials. Interestingly, statistical analysis showed that this effect interacts with 
ADHD in a way that patients with both BPD and ADHD perform better than the 
patients with only BPD. Patients with BPD also performed worse on the BX trials. 
Table 1   AX-CPT performance of patients with ADHD, BPD, ADHD and BPD, and 
healthy controls
ADHD
(N=14)
BPD
(N=12)
ADHD+ BPD
(N=7)
HC
(N=37)
Overall Error-rate % (SD) 9.44 (8.66) 16.94 (13.89) 11.58 (9.81) 5.56 (6.83)
AX 9.08 (9.99) 18.91 (18.35) 9.8 (12.36) 4.74 (7.78)
AY 14.29 (14.41) 11.68 (10.51) 14.29 (11.5) 13.36 (13.3)
BX 16.78 (12.75) 20.32 (32.11) 29.77 (33.61) 7.81 (11.49)
BY 0 (0) 4.87 (12.54) 2.38  (6.3) 1.12 (2.89)
Mean RT msec (SD) 426,57 (93,15) 430.05 (132,79) 428.11 (135.36) 343.1 (56.54)
RT AX 419.19(106.67) 419.71 (141.99) 438.09 (142.82) 340.60 (49.93)
RT AY 549.91 (114.7) 447.74 (55.85) 509.32 (122.33) 455.75 (100.5)
RT BX 390.01(170.35) 512.58 (274.8) 396.95 (265.32) 302.63 (140.81)
RT BY 390.11 (133.5) 400.42 (190.74) 309.90 (134.90) 288.13 (95.12)
CPT, continuous performance task; ADHD, attention deficit/hyperactivity disorder; BPD, borderline 
personality disorder; HC, healthy controls; RT, reaction time; values are given in means (S.D.).
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They made more errors and were significantly slower than the other participants. 
Regarding the error rate we observed an additive effect of BPD and ADHD. Patients 
with both disorders made more errors on the BX trials than patients with only 
BPD. The ADHD patients showed significantly slow RTs on the AY trials, but this 
did not result in a significantly worse error rate. 
 In sum, patients with BPD performed worse on the overall error rate, BX error 
rate and BX RT. In contrast, patients with ADHD performed slow on the AY trials. 
Thus, as predicted, both patient groups indeed showed deficiencies in response 
inhibition, but these inhibition deficiencies seem more widespread and pervasive 
in BPD than in ADHD. In fact, we found only one main effect for ADHD. Moreover, 
BPD patients showed response inhibition problems independently of ADHD. The 
adults with BPD were particular impaired on the AX and BX trials, whereas the 
adults with ADHD seem to have needed significantly more time to perform 
adequately on the AY trials. 
 This finding that patients with BPD performed significantly worse than 
patients with ADHD on several indices is somewhat counterintuitive and not in 
line with previous work that did not find convincing evidence of response 
inhibition deficits in BPD. In fact, previous work reporting on AX-CPT outcome in 
BPD patients showed no response inhibitions deficits at all (Hagenhoff et al., 2013). 
However, contrary to this previous work, the current study used an expectancy 
variant of the AX-CPT, thus favoring impulsive responding and making the task 
more demanding. 
 Another advantage of the used expectancy variant of the AXCPT paradigm is 
its potential to produce a double dissociation in performance: individuals with a 
context-processing deficit would show impaired performance on BX trials, whereas 
those with intact context-processing would perform worse on AY trials (MacDonald, 
2008). Thus, with regard to the context-processing theory the higher error rate and 
RTs on the BX trials suggest impaired context processing in our BPD patients. In 
addition, the increased AX error rate can also be interpreted as a failure to 
maintain the A cue until the X probe appeared (Barch et al., 2004). Poor performance 
in this condition can arise from problems with maintenance and/or recall of 
information from working memory, both aspects of context processing (Bodner et 
al., 2012). This interpretation is quite interesting since this is in keeping with 
previous work that has identified working memory deficits in BPD (Dinn et al., 
2004; Dowson et al., 2004b). 
 Further, that BX performance was relatively spared in our ADHD patients 
suggests that here context representations were used as a mechanism to inhibit 
target responding. This raises questions about the relatively intact maintenance 
and/or recall of information from working memory in our ADHD patients. 
Although previous studies have mostly confirmed impaired working memory 
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performance in adults with ADHD (for example: (Dowson et al., 2004b; Boonstra et 
al., 2005), it is unclear whether inhibitory control and working memory 
impairments represent distinct deficits in ADHD or dual manifestations of a 
common pathologic mechanism (i.e. an integral executive phenotype) (Castellanos 
and Tannock, 2002). Our results might imply that response inhibition and working 
memory are not necessarily two associated processes in adult ADHD. Two previous 
studies correlated working memory and response inhibition in adult ADHD 
patients with contradictory and unclear results (Clark et al., 2007; Schecklmann et 
al., 2012). Future research should therefore examine the relationship between 
these core deficits in larger groups of patients with ADHD. 
 It is also interesting to note that impaired context processing is particularly 
demonstrated as a specific impairment in patients with schizophrenia, schizo-
affective disorder and schizotypal personality disorder (McClure et al., 2008), 
while other psychiatric disorders like bipolar disorder and major depression have 
not exhibited the same impaired context processing (Holmes et al., 2005; Brambilla 
et al., 2007). This raises the question of possible shared response inhibition vulner-
abilities between BPD and schizophrenia spectrum disorders. One previous study 
focused on this issue and examined whether BPD patients have inhibition deficits, 
as measured with an anti-saccade eye task, similar to patients with schizophrenia. 
The results suggested that inhibition deficits may be characteristic among BPD 
patients with psychotic like symptoms, but do not reflect the whole group of BPD 
patients (Grootens et al., 2008a). Of course, we cannot draw any conclusion from 
our sample with regard to possible shared response inhibition deficits between 
BPD and the schizophrenia spectrum. We lack evidence of severity and frequency 
psychotic like symptoms in our BPD patients, nor do we have any evidence that 
psychotic like symptoms in BPD and psychotic symptoms in schizophrenia share 
the underlying cognitive mechanisms. However, we would like to argue that 
because our BPD patients showed clear deficits in context processing and this is 
particularly been known to be seen case in schizophrenia spectrum disorders, 
psychotic like symptoms should be taken into account in future research on 
response inhibition and context processing in BPD. Although the prevalence of 
major psychotic disorders is low, transient psychotic like symptoms in response to 
stress do occur in about 40% of BPD patients (Zanarini et al., 1990). 
 The current study included well diagnosed patients and matched controls, 
and controlled for the presence of comorbidities and use of medication. 
Interpretation of its findings must however be considered in relation to several 
methodological limitations. First, the present sample size was small, indicating a 
pilot study. This makes it difficult to draw general conclusions about the effects of 
ADHD and BPD on cognitive control processes. For this reason, our findings cannot 
be generalized to broader groups of patients. Future studies with larger sample 
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sizes are needed to confirm the effect of ADHD and BPD on context processing and 
response inhibition. Second, our results may not necessarily generalize to patients 
with the inattentive type of ADHD who do not have high levels of impulsivity, and 
BPD patients without impulsivity. Third, although the sample included men and 
females, and participants of different ages, we did not have the power to analyze 
gender or age effects. Nor did we control for possible effects of the different 
recruitment centers, because of our small sample size. 
 Some considerations must also be made with regard to use of nicotine and 
medication before testing. Participants were not allowed to smoke within 3 h 
before measurement. This could have led to some nicotine induced attentional 
improvement in both the control and patient groups (Conners et al., 1996). On the 
other hand, longer periods of non-smoking prior to testing could cause tension 
and anxiety which than could also interfere with the results. Patients using meth-
ylphenidate were not allowed to use it on the day of the experiment. Since the 
average half-life of oral methylphenidate is reported to be 2 to 3 h (Wargin et al., 
1983; Volkow et al., 1998), the interruption of one day should be enough to prevent 
the pharmacokinetics to be a confounding variable. There is however a risk of 
rebound effects that could have had a negative influence on the task performance. 
 In conclusion, the present study suggests that response inhibition deficits are 
related to BPD independently of ADHD. Moreover, contrary to patients with ADHD, 
BPD patients may suffer from more widespread inhibition deficiencies and a 
specific impairment in context processing. Given the limitations, future research 
should attempt to replicate and expand our findings. Understanding the different 
cognitive processes that lead to shared clinical symptoms of impulsivity in ADHD 
and BPD could lead to more specific treatments.
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CHAPTER 6
Abstract
Objective: To investigate whether personality traits are related to neurocognitive 
profiles in adults with ADHD. 
Method: Neuropsychological performance and Five Factor Model (FFM) personality 
traits were measured in adults with ADHD (n= 133) and healthy controls (n= 132). 
Three neuropsychological profiles, derived from previous community detection 
analyses, were investigated for personality trait differences. 
Results: Irrespective of cognitive profile, participants with ADHD showed 
significantly higher Neuroticism and lower Extraversion, Agreeableness, and Con-
scientiousness than healthy controls. Only the FFM personality factor Openness 
differed significantly between the three profiles. Higher Openness was more 
common in those with aberrant attention and inhibition than those with increased 
delay discounting and atypical working memory / verbal fluency. 
Conclusion: The results suggest that the personality trait Openness, but not any 
other FFM factor, is linked to neurocognitive profiles in ADHD. ADHD symptoms 
rather than profiles of cognitive impairment may have a determining influence on 
personality trait outcome.
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Introduction 
Attention-deficit/hyperactivity disorder (ADHD) is a common neuropsychiatric 
disorder that is characterized by symptoms of inattention, hyperactivity, and 
impulsivity. ADHD often persists into adulthood (Faraone 2015). Current research 
does not support a single core (neuro)cognitive deficit of ADHD, but rather 
demonstrate that both childhood and adult ADHD are characterized by strong 
heterogeneity in cognitive underperformance with multiple cognitive pathways 
(Sonuga-Barke, Bitsakou et al. 2010; de Zeeuw, Weusten et al. 2012; Fair, Bathula et 
al. 2012; Coghill, Seth et al. 2014; Mostert, Onnink et al. 2015). The main domains 
of neuropsychological dysfunction in ADHD are: memory, inhibitory control, 
delay aversion, decision making, timing, and response variability. The levels of 
deficiency in each of these domains differ more or less independently within 
patients with ADHD, and there is considerable overlap between neuropsychologi-
cal performance in patients with ADHD and normal controls (Coghill, Seth et al. 
2014). Use of multivariate classification techniques has led to the identification of 
subgroups of individuals with ADHD based on a similar neurocognitive profile, 
both in children and in adults (Fair, Bathula et al. 2012; Mostert, Hoogman et al. 
2015; van Hulst, de Zeeuw et al. 2015). Such results provide some structure to the 
heterogeneity in ADHD. However the clinical utility of subgrouping based on neu-
ropsychological characteristics in ADHD needs to be explored. 
 Contributing to the heterogeneity of ADHD is the presence of temperament 
and personality traits. Temperament traits can be described as a set of biologically 
based behavioural and emotional tendencies covering negative and positive 
emotion systems as well as attentional capacities (Rothbart 2011). A recent study 
used the technique of ‘community detection’ to cluster children with ADHD into 
subgroups based on temperament dimensions of the Temperament in Middle 
Childhood Questionnaire. The results suggested three novel types of ADHD that 
were independent of existing clinical demarcations, including DSM-5 presentations 
(Karalunas, Fair et al. 2014). Type 1, the mild type, had milder impulsivity, inhibition, 
and attentional control impairments compared with the other two ADHD types. 
Type 2, the surgent type, had increased impulsivity, activity levels and assertiveness, 
decreased shyness coupled to high intensity pleasure seeking than the other two 
types. Type 3, the irritable type, had increased impulsivity and attentional control 
impairments than type 1 and increased negative emotionality compared to the 
other two types. Personality research in general has mostly used the Five Factor 
Model (FFM) (Costa and McCrae 1992) as a well-supported organizing framework 
that has been characterized with respect to underlying temperament dimensions 
(i.e. the initial state of emotional, motor, and attentional reactivity from which 
personality develops in interaction with experience) (Rothbart 2007). A recent 
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review of findings on ADHD and FFM personality suggests that, in general, ADHD 
has associations with the FFM traits of Neuroticism (positive), Agreeableness 
(negative) and Conscientiousness (negative). Mixed findings (positive, negative, and 
no associations) have been reported for Extraversion and Openness (Gomez and 
Corr 2014). 
 Prior research, mostly assessing the relationship between single tasks or facets 
of executive function and single FFM traits in healthy participants, suggests that 
significant associations also exist between FFM traits and neurocognitive 
functioning, especially executive functioning (for an overview, see (Williams, 
Suchy et al. 2009)). Three more recent studies extended that early research by 
considering all five FFM traits in relation to a more fully characterized domain of 
executive functioning. A first study among 58 healthy older adults investigated 
four tests assessing all core aspects of executive functioning (cognitive flexibility, 
initiation, inhibition, response selection, working memory, generative fluency, 
and attentional vigilance) (Williams, Suchy et al. 2010). The results showed that 
the executive functioning factor, that emerged from four executive functioning 
scores (one for each executive functioning test), was negatively correlated with 
Neuroticism and positively with Openness and Agreeableness. But although high 
Neuroticism was associated with poorer executive functioning, both the middle 
and high executive functioning groups were in the average range for Neuroticism 
(compared to normative values). Individuals with better executive functioning 
were characterized by high Openness and Agreeableness and average levels of 
Neuroticism. Executive functioning was not associated with Extraversion or 
 Conscientiousness in this study. 
 A second study, including 182 students, examined three separate core executive 
function factors (i.e. inhibition, updating/monitoring information in working 
memory, and cognitive flexibility) as predictors of the five FFM traits (Murdock, 
Oddi et al. 2013). Higher Neuroticism and lower Openness were associated with 
poor updating/monitoring, and Openness was positively associated with cognitive 
flexibility (the ability to shift one’s attention between multiple tasks or mental 
sets). The authors suggested that Neuroticism and Openness may share some 
common underlying cognitive mechanism, in particular working memory. 
Connections between executive functioning and Extraversion, Agreeableness, and 
Conscientiousness did not emerge in this study. 
 A third study examined associations between FFM traits and cognitive 
performance to 1) uncover the specific facets of each trait that are most closely 
related to cognition, and 2) examine, how these associations may vary by age in 
154 healthy older and younger adults. The cognitive domains measured were 
processing speed, reaction time, verbal fluency, inductive reasoning, and working 
and episodic memory. Neuroticism (trait) and in particular ‘depression’ (a facet of 
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Neuroticism) were negatively associated with performance on cognitive tasks that 
require effortful processing. The results suggested that individuals, who are more 
angry and depressed, have slower processing speed and lower reasoning scores. 
Openness (trait) and ‘ideas’ (a facet of openness) were positively associated with 
verbal fluency, indicating that ‘ideas’ may be a key characteristic in the association 
between Openness and cognition. Those open to ideas are likely to spend more 
time exploring intellectual pursuits, which could translate into a greater facility 
with words. Extraversion (trait) and ‘assertiveness’ (a facet of Extraversion) were 
negatively related to reasoning and reaction time, indicating that extraverted 
individuals may be faster, but are less likely to take time to think thoroughly 
about a task. The FFM traits and their facets did not predict working memory or 
episodic memory in this study. The association between Neuroticism and cognitive 
performance was found primarily among younger adults. In older adulthood, 
better performance was associated with positive aspects of personality (Graham 
and Lachman 2014). 
 So far, the studies of cognitive performance and personality did not take the 
presence of psychopathology into account. In the present study, we follow-up on 
this previous work regarding the subtyping of ADHD by cognition and 
temperament. Specifically, we examined, whether adults with ADHD and healthy 
controls, who share similar neurocognitive profiles, also share specific personality 
traits, or, alternatively, whether ADHD is related to personality irrespective of a 
specific neurocognitive profile. To this end, we built on our earlier work, in which 
we had identified by community detection analysis three subgroups of patients 
and healthy controls based on cognitive profiles characterized by (1) poor 
performance on attention and inhibition, (2) high scores for impulsive behaviour 
on the delay-discounting task (delay aversion), (3) impairment on working memory 
and verbal fluency (Mostert, Hoogman et al. 2015). Given the recent evidence for 
the relationship between executive functions and FFM trait outcome as outlined 
above, we anticipated that our previously identified profiles 1 and 3 would be 
associated with higher Neuroticism and lower Openness. Further, in keeping with 
previously found associations between Extraversion and higher delayed 
discounting rates (Hirsh, Morisano et al. 2008), we also anticipated that Extraversion 
would be positively related to our cognitive profile 2. Alternatively, if it would be 
the ADHD symptoms that accounted for FFM trait outcome rather than the 
cognitive profiles, we expected to find associations of the FFM traits with diagnostic 
group, irrespective of cognitive profile membership. Such associations could be 
expected for Neuroticism, Conscientiousness, and Agreeableness. The results can 
add to the understanding of the associations between FFM traits and executive 
functioning, in particular in an adult ADHD population. 
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Methods 
Participants 
A total of 265 participants (133 adults with ADHD and 132 healthy controls) 
between 18 and 65 years old were included in this study. All participants were part 
of the Dutch node of the International Multicentre persistent ADHD Collaboration 
(IMpACT - 6 http://impactadhdgenomics.com (Franke, Vasquez et al. 2010)). 
Participants had been recruited from the Department of Psychiatry of the Radboud 
University Medical Center (RadboudUMC) in Nijmegen and through advertisements. 
Patients were included if they had previously been diagnosed with adult ADHD 
by a psychiatrist according to the Diagnostic and Statistical Manual of Mental 
Disorders (4th edition; DSM-IV-TR; American Psychiatric Association, 2000). 
Exclusion criteria were psychosis, alcohol, or substance addiction in the last six 
months, current major depression, full-scale IQ estimate < 70 (assessed using the 
Wechsler Adult Intelligence Scale-III), neurological disorders, sensorimotor 
disabilities, non-Caucasian ethnicity, and medication use other than psychostimu-
lants, atomoxetine, or bupropion. Additional exclusion criteria for healthy 
participants were a current or lifetime neurological or psychiatric disorder in 
either the participant or his/her first-degree relatives. 
Ethical standards 
This study was approved by the regional ethics committee (Centrale Commissie 
Mensgebonden Onderzoek: CMO Regio Arnhem – Nijmegen; Protocol number 
III.04.0403). Written informed consent was obtained from all participants. The 
authors assert that all procedures contributing to this work complied with the 
ethical standards of the relevant national and international and institutional 
committees on human experimentation and with the Helsinki Declaration of 
1975, as revised in 2008. 
Psychiatric assessment 
Both patients and controls were assessed using the structured diagnostic interview 
for adult ADHD (DIVA 2.0.; www.divacenter.eu (Kooij 2010)). This interview focuses 
on the 18 DSM-IV symptoms of ADHD and uses concrete and realistic examples to 
thoroughly investigate whether a symptom is currently present or was present in 
childhood. Additionally, a self-report questionnaire on current symptoms was 
obtained using the ADHD Rating Scale-IV (Kooij, Buitelaar et al. 2005). Lifetime 
DSM IV axis I and II disorders were assessed with the Structured Clinical Interview 
for DSM disorders I and II (SCID I and SCID II) (Groenestijn, Akkerhuis et al. 1999; 
Weertman, Arntz et al. 2000). With regard to the Axis II personality disorders, 
participants first filled out the SCID II self-report questionnaire, and when 
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applicable, according to the SCID II manual, the clinical interview followed. 
Further measurements included an MRI scanning session and blood withdrawal for 
DNA analysis. These data are described elsewhere and are not part of the current 
analyses (Franke, Hoogman et al. 2008; Franke, Vasquez et al. 2010; Hoogman, 
Aarts et al. 2011; Hoogman, Onnink et al. 2013; Onnink, Zwiers et al. 2014). 
Neuropsychological testing battery
Neuropsychological performance was measured using a test battery that included 
measures tapping into executive functioning (working memory, attention, 
inhibition, set-shifting, fluency) and delay discounting, deficits of which have been 
earlier reported in ADHD. Details about tasks and main outcome measures are 
described in Supplementary Table 1 and our previous reports (Mostert, Hoogman 
et al. 2015; Mostert, Onnink et al. 2015). The tests were always administered in the 
same order. In total, 21 variables in seven tasks were analysed. Outliers were 
defined as having a score higher than four times the standard deviation above or 
below the mean per group (Leth-Steensen, Elbaz et al. 2000; Nigg, Stavro et al. 2005). 
This threshold guarded against artefacts, while still including cases performing 
at the extreme of the normal distribution (i.e., including low performing cases 
that might have more severe ADHD symptoms). If a participant’s score was an 
outlier on one outcome variable of a task, his/her scores on all outcome variables 
from that task were excluded. All data was transformed in such a way that higher 
values indicated worse performance. To estimate IQ, subtests of the Wechsler Adult 
Intelligence Scale (WAIS) were administered (vocabulary and block design) 
(Wechsler 1997). 
Neurocognitive profiles 
In our previous report, Confirmatory Factor Analysis (CFA) was used to reduce 
neurocognitive data to six cognitive factors: reaction time and variability, 
delay discounting, verbal fluency, working memory, attention and inhibition. 
Subsequently, factor scores were correlated across subjects to form networks. 
Further, a community detection algorithm was used to cluster these networks into 
subgroups. The ADHD and the control group each separated into three profiles 
that differed in cognitive performance. Profile 1 was characterized by aberrant 
attention and inhibition, profile 2 by increased delay discounting, and profile 3 
by atypical working memory and verbal fluency. The same profiles were observed 
in the control and ADHD sample. Details about the method, sample sizes, results 
are described in (Mostert, Hoogman et al. 2015). 
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Five Factor Model Personality Measurement 
The participants completed the NEO-FFI (Costa and McCrae 1992), a 60 item self- 
report assessing each of the 5 FFM personality domains: Extraversion, Agreeableness, 
Conscientiousness, Neuroticism, and Openness to experiences. Each domain 
includes 12 items. The NEO-FFI was not intended to provide definitive measurement 
of the five personality factors, but was designed as a brief instrument that would 
yield reasonable estimates of the factors, useful in exploratory research. In over a 
decade of use, it has shown itself to be reliable, valid, and useful in a variety of 
contexts and cultures (McCrae and Costa 2004). Extraversion reflects being 
sociable, outgoing, optimistic, sensation seeking, and talkativeness. Agreeableness 
refers to the tendency to be agreeable, trustworthy, friendly, and cooperative with 
others, rather than suspicious and antagonistic towards others. It is also a measure 
of whether a person is generally well tempered or not. Conscientiousness reflects 
a person’s tendency to be well organized, responsible, and task-focused in pursuing 
goals. Neuroticism indicates the tendency for proneness to unpleasant experience, 
such as anger, anxiety, depression, and maladjustment. Neuroticism also refers to 
the degree of emotional stability and impulse control and is sometimes referred to 
by its low pole, “emotional stability”. Openness to experience reflects a person’s 
tendency for being imaginative, creative, and interested in cultural and educational 
experiences. 
Statistical analysis 
In the current study, we tested for FFM trait differences between the three 
neurocognitive profiles using analysis of variance (ANOVA). For this, a two (group: 
ADHD vs. Control) by three (the cognitive profiles: inattention and inhibition 
[profile 1] vs. delay aversion [profile 2] vs. working memory and verbal fluency 
[profile 3]) ANOVA was performed on the scores of each of the five factors of the 
FFM, with group and cognitive profile as between-subject factors and the FFM 
factors as dependent variables. These calculations were done using SPSS (version 
20; SPSS, Chicago, IL). 
Results 
Demographics of the sample are described in Table 1. Adults with ADHD and 
healthy controls did not differ in age , gender, or IQ, but controls had a higher level 
of education. Table 2 presents the scores (mean and SD) of all six groups analysed 
in the ANOVA on all factors of the FFM. 
 The analyses of the Neuroticism scale did not reveal a main effect of cognitive 
profile (F(2, 246) = 0.26, p = .77), but a main effect of diagnostic status was observed, 
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with a significantly higher score on Neuroticism for the ADHD than the control 
group (F(1, 246) = 124.09, p = .0001). Furthermore, the interaction effect of group 
and cognitive profile was significant (F(2, 246) = 4.25, p = .02). Using a one-way 
ANOVA to localize this effect revealed no significant differences between any of 
the profile groups for the ADHD-group (F(2, 121) = 1.18, p = .31), whereas the same 
analysis on the control group yielded a significant effect, F(2, 125) = 3.50, p = .03. 
Within the ADHD group profile 1 had the highest average score on Neuroticism, 
whereas in the control group profile 1 was associated with the lowest score on 
Neuroticism. However, these findings did not survive Bonferroni correction. 9 
 On the Extraversion scale a main effect of group was found (F(1, 247) = 7.76, 
p = .006) with significantly higher scores for the healthy control group. There was 
no main effect for cognitive profile (F(2, 247) = 2.03, p = .13), nor was a significant 
Table 1   Demographics of the participants
ADHD patients
(N=133)
Healthy controls
(N=132) Statistics
Gender M/F 56/77 53/79  χ² (1, N = 265) = 0.10, p = .75
Age Mean (SD) 35.56 (10.40) 36.30 (11.75)  t(258,7) = 0.54, p = .59
IQ1 Mean (SD) 107.84 (14.34) 109.97 (14.90)  t(263) = 1.19, p = .24
Education2 Mean (SD) 4.70 (0.80) 5.16 (0.81)  t(263) =  4.66, p < 0.001
1 Estimated IQ based on performance on the WAIS-III block pattern and vocabulary tasks.
2 Education levels were coded from 1 (unfinished primary school) to 7 (post-university). 
Because Levene’s test for equality of variances was significant in the t test for the differences in ages, 
degrees of freedom were adjusted accordingly.
Table 2   Outcome of Five Factor Model traits for the ADHD and healthy control  
groups in Profile 1, 2, and 3
Profile 1 
(N=98; 53% ADHD)
Profile 2 
(N=62; 50% ADHD)
Profile 3 
(N=105; 48% ADHD)
ADHD (SD) HC (SD) ADHD (SD) HC (SD) ADHD (SD) HC (SD)
Neuroticism 39.8 (8.9) 24.0 (7.1) 36.9 (9.8) 28.3 (10.1) 38 (6.8) 27.4 (6.7)
Extraversion 41.7 (7.4) 44.6 (6.2) 40.1 (6.7) 42.1 (6.5) 40.9 (6.7) 42.9 (4.5)
Openness 43.6 (6.1) 41.6 (4.8) 38.4 (6.8) 39.5 (5.1) 41 (5.4) 38.9 (5.5)
Agreeableness 42.8 (5.7) 46.2 (6.2) 40.7 (6.7) 46.2 (5.4) 43.6 (5.4) 46.7 (4.5)
Conscientiousness 34 (6.4) 44.9 (6.5) 35.2 (6.2) 45.9 (5.3) 34.5 (6.5) 46.4 (4.4)
Profile 1: poor performance on attention and inhibition; Profile 2: high scores for impulsive behaviour 
on the delay-discounting task (delay aversion); Profile 3: impairment on working memory and verbal 
fluency. HC= healthy control.
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interaction effect of group and cognitive profile observed (F(2, 247) = 0.15, p = .87). 
The analysis of the Openness scale revealed a main effect of cognitive profile 
(F(2, 247) = 9.10, p = .0001), showing that the participants in profile 1 scored 
significantly higher than the participants in profile 2 and profile 3. Effects of 
group and the interaction of group with cognitive profile were non-significant 
(F(1, 247) = 1.92, p = .17; F(2, 247) = 1.76, p = .17). 
 On the Agreeableness scale, a significant main effect for group was found, 
with significantly higher Agreeableness scores for the healthy controls (F(1, 247) = 
30.68, p = .0001). No effects of cognitive profile (F(2, 247) = 1.71, p = .18) or the 
interaction of group and cognitive profile (F(2, 247) = 0.95, p = .39) were observed. 
 Lastly, there was a significant main effect for group on the Conscientiousness 
scale, with significantly higher scores for the healthy controls compared to the 
ADHD patients (F(1, 247) = 214.50, p = .0001). There was no significant main effect 
for cognitive profile (F(2, 247) = 0.89, p = .41), and no interaction effect of group and 
cognitive profile were observed (F(2, 247) = 0.23, p = .80).
Discussion 
The present research investigated, whether FFM traits are significantly related to 
neurocognitive profiles in adults with ADHD and controls or are related to ADHD 
irrespective of a specific neurocognitive profile. Our main findings are: 1) that 
there is no particular relationship between personality traits and cognitive 
profiles for most FFM traits; 2) that a relationship between Openness to experience 
and inattention / disinhibition is observed; 3) that we can confirm a relationship 
between ADHD and personality traits. 
 Irrespective of cognitive profile, participants with ADHD were found to have 
higher scores for Neuroticism and lower scores for Extraversion, Agreeableness, 
and Conscientiousness than healthy controls. Cognitive profile was significantly 
related to Openness, which was higher in participants with profile 1 (inattention 
and disinhibition) than in participants with one of the other two cognitive profiles 
(2 (delay aversion / impulsivity) and 3 (working memory / verbal fluency) in both 
ADHD patients and controls. No additional associations between FFM measures 
and cognitive profiles were found. Previously, it has been proposed that ADHD 
originates from a primary cognitive deficit in a specific executive functioning (EF) 
domain such as response inhibition or working memory or a more general 
weakness in executive control (Pennington and Ozonoff 1996; Barkley 1997; 
Schachar, Mota et al. 2000; Castellanos and Tannock 2002). The current study 
demonstrates that personality and cognitive performance are mainly separate 
domains that apparently do not share similar etiological factors or underlying 
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mechanisms in adult ADHD. Our study also documents that personality may be 
more closely related to clinical symptoms than the cognitive profiles. Treating the 
cognitive domains may therefore not necessarily be the most useful therapeutic 
approach in ADHD. However, the cognitive profiles may be more closely related 
to functional impairments (Mostert, Hoogman et al. 2015). In any case, it seems 
important to look at other factors such as personality beyond cognition in considering 
what are the most clinically useful options for patient management. Although 
this aspect was outside the scope of the current study, it would be useful to know 
if patient stratification on personality profile could inform treatment response. 
 With regard to the relationship between personality and cognitive domains in 
ADHD, we only found a higher score on openness to experiences in participants 
with cognitive profile 1 (poor performance on attention and inhibition) than in 
participants with profiles 2 and 3. Individuals high in openness tend to be 
unconventional, explorative, and interested in novelty. This would suggest that 
openness is associated with active and impulsive behaviour. Indeed, this would 
suggest that disinhibition may underlie openness. This relationship has been 
observed before by DeYoung and coworkers, and indeed in that study the authors 
controlled for cognitive abilities in order to reveal an association of openness with 
externalizing behaviour (i.e. aggression, opposition, and hyperactivity) (Deyoung, 
Peterson et al. 2008). In that case, the variance in openness was related to the meta- 
trait plasticity (i.e. the shared variance of Extraversion and Openness appearing to 
reflect the tendency to explore both behaviourally and cognitive). Plasticity was 
positively associated with externalizing behaviour, whereas variance due to 
cognitive ability was negatively associated with such behaviour. In other words, 
the findings of that study indicated that if one examines individuals equal in the 
meta-trait stability (i.e. the shared variance of Neuroticism reversed, Conscientious-
ness, and Agreeableness) and cognitive ability, those higher in plasticity are likely 
to show higher levels of externalizing behaviour. In our current study, this may 
underline the relatively higher Openness outcome in profile 1, since it is characterized 
by inhibition deficits (as measured by a go/no go task). Interestingly, when the 
number of self-reported hyperactivity/impulsivity symptoms was examined in our 
previous study defining the cognitive profiles, those symptoms were shown to be 
unequally distributed across the three cognitive profiles: The patients in profile 1 
(and 2) had indeed significantly more hyperactivity/impulsivity symptoms than in 
profile 3 (Mostert, Hoogman et al. 2015). While DeYoung et al. also found a 
relationship between Extraversion and the cognitive profiles, we did not observe 
this link. 
 The basis for the association found for Openness but not for Extraversion may 
be related to the choice of instrument chosen for personality profiling, i.e. the NEO 
FFI. Within the literature, there is currently a debate over the basis of personality 
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traits. Some emphasise the phenotypical aspects of the FFM traits (Saucer and 
Goldberg 1996), whereas others emphasize the neurobiological bases of the FFM, 
such as cognition and affect (McCrae and Costa 1907 1999). Research on the levels 
of affects (A), behaviours (B) and cognitions (C) included within the operational 
definitions of each of the FFM traits has been conducted. They demonstrate that 
Openness within the NEO FFI inventory emphasizes cognition and affect over 
behaviour. Thus, the association we found between Openness and cognitive profile 
1 may also simply reflect the fact that poor attention and inhibition within profile 
1 is in line with the used definition of cognition (i.e. thought, beliefs, patterns, or 
modes of thinking) in Openness. In contrast, for Extraversion (for which we have 
not seen a relationship with cognitive profiles), there is a striking lack of cognitive 
content within its NEO FFI definition and instead a substantial emphasis on its 
affective aspects (i.e. internal, motivational, and evaluative ‘valenced’ states 
including patterns of feelings, emotions, and preferences) and some behavioural 
content (i.e. observable actions, including both active and passive behaviours, but 
not including mental events) (Pytlik Zillig, Hemenover et al. 2002). Therefore, it 
may be not surprising that no relationship is found with cognitive profile. 
 The finding that the presence of ADHD rather than cognitive profile is 
associated with personality traits is in keeping with previous research questioning 
the mediating role of cognition in ADHD. It is in line with the thinking that the 
relationship between cognitive deficits and symptomatic aspects of ADHD is more 
complex than previously recognized (Coghill, Hayward et al. 2014; Mostert, 
Hoogman et al. 2015; Mostert, Onnink et al. 2015). Indeed, we observed several 
direct links between personality and ADHD diagnosis. More specifically, we noted 
lower Agreeableness, Conscientiousness and Extraversion and higher Neuroticism 
in the ADHD participants than in the controls, irrespective of cognitive profile 
and similar to previous findings on ADHD and personality (Gomez and Corr 2014). 
 The implications of the lack of significant interactions between adult ADHD, 
cognitive profiles and personality deserve discussion. Theoretically, personality 
and psychopathology can relate to one another in three different ways (Widiger 
2011). Personality and psychopathology can influence the presentation or 
appearance of one another, commonly referred to as a pathoplastic relationship. 
They can share a common, underlying etiology, referred to as a spectrum 
relationship, touching upon the possibility that personality and psychopathology 
may themselves fail in some instances to be distinct entities. They may instead 
exist along a common spectrum of functioning. All personality disorders may in 
fact be maladaptive variants of general personality traits, and some personality 
disorders could be early onset, chronic, and pervasive variants of other mental 
disorders. Finally, they can have a causal role in the development or etiology of one 
another. Unfortunately, the current study cannot tell us, which of the three is 
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applicable to ADHD and personality, as it is a cross-sectional study in adults. 
Moreover, it also suggests that personality and cognition are independent entities 
without significant influence on each other. Future studies should therefore 
characterise, whether the NEO FFI personality profiles are related to innate 
temperament or behavioural responses. This may clarify, whether the relationship 
between personality and ADHD is based on latent temperamental aspects and/or 
the ability to behaviourally respond to changing internal and external cues. 
 Although we used data from a large sample of adults with persistent ADHD 
and healthy controls, the interpretation of the results of our study should be 
viewed in the context of some limitations. Firstly, the neuropsychological 
measurements did not cover exactly the same cognitive domains that were used in 
other studies investigating links between personality and cognitive performance. 
Secondly, we focused on previously obtained cognitive profiles that were created 
using a specific clustering method; different clustering methods may result in the 
creation of different cognitive profiles. Thirdly, we employed the NEO FFI, which 
is the shortened version of the NEO-PI-R and not intended to replace the full NEO 
PI-R. As such, the NEO FFI measures a reduced range of constructs, which could be 
argued not to represent the full spectrum of personality profiles. However, despite 
these limitations, the current study confirms that ADHD patient show different 
levels of personality traits compared to controls. 
Conclusion 
Our study suggests that the presence of ADHD is strongly connected to personality 
traits, as four out of five factors of the FFM Model differed between ADHD patients 
and healthy controls. Moreover, a link between personality and cognitive profile 
was observed for Openness. Openness was significantly related to a neurocognitive 
profile of poor performance on attention and inhibition tasks in ADHD patients as 
well as in healthy controls. In sum, our data suggest that personality and cognitive 
performance are mainly separate domains that do not share similar etiological 
factors or underlying mechanisms in ADHD. 
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o 
re
p
ea
t 
d
ig
it
s 
in
 t
h
e 
sa
m
e 
or
de
r.
 In
 t
h
e 
ba
ck
w
ar
d 
co
n
d
it
io
n
, t
h
e 
p
ar
ti
ci
p
an
t 
is
 a
sk
ed
 t
o 
re
p
ea
t 
th
e 
d
ig
it
s 
in
 t
h
e 
re
ve
rs
e 
or
de
r.
Fo
rw
ar
d 
d
ig
it
 s
pa
n
 s
co
re
Ba
ck
w
ar
d 
d
ig
it
 s
pa
n
 s
co
re
3.
  S
u
st
ai
n
ed
 A
tt
en
ti
on
 D
ot
s 
 
(S
A
-d
ot
s)
 t
as
k3
 
(E
xe
cu
ti
ve
 f
u
n
ct
io
n
in
g:
  
A
tt
en
ti
on
 &
 in
h
ib
it
io
n
)
Pa
rt
ic
ip
an
ts
 a
re
 a
sk
ed
 t
o 
re
ac
t 
to
 a
 s
er
ie
s 
of
 d
ot
s 
on
 t
h
e 
sc
re
en
; 
th
er
e 
ca
n
 b
e 
ei
th
er
 3
, 4
 o
r 
5 
do
ts
 p
re
se
n
te
d 
si
m
u
lt
an
eo
u
sl
y.
 D
ot
s 
ap
p
ea
r 
in
 a
 r
an
do
m
 o
rd
er
 in
 a
 p
ac
ed
 t
em
p
o.
 W
h
en
 3
 o
r 
5 
do
ts
 
ap
p
ea
r 
on
 t
h
e 
sc
re
en
, t
h
e 
p
ar
ti
ci
p
an
t 
h
as
 t
o 
re
ac
t 
w
it
h
, t
h
e 
‘n
o
-
ke
y’
 (t
h
e 
ke
y 
h
an
d
le
d 
by
 t
h
e 
n
on
-d
om
in
an
t 
h
an
d)
 a
n
d 
w
h
en
 4
 
do
ts
 a
pp
ea
r 
th
e 
p
ar
ti
ci
p
an
t 
is
 a
sk
ed
 t
o 
re
ac
t 
w
it
h
 t
h
e 
‘y
es
-k
ey
’ 
(t
h
e 
ke
y 
h
an
d
le
d 
by
 t
h
e 
do
m
in
an
t 
h
an
d)
. P
re
ss
in
g 
th
e 
‘n
o
-k
ey
’ 
w
h
en
 4
 d
ot
s 
ap
p
ea
r 
is
 c
al
le
d 
a 
fa
ls
e 
al
ar
m
. P
re
ss
in
g 
th
e 
‘y
es
-k
ey
’ 
w
h
en
 3
 o
r 
5 
do
ts
 a
pp
ea
r 
is
 c
al
le
d 
a 
m
is
s.
 F
or
 a
n
al
ys
is
, t
h
e 
ta
sk
 is
 
sp
li
t 
u
p 
in
to
 1
0 
bl
oc
k
s,
 o
r 
se
ri
es
, i
n
 o
rd
er
 t
o 
co
m
pu
te
 v
ar
ia
n
ce
 in
 
p
er
fo
rm
an
ce
 o
ve
r 
ti
m
e.
 
M
ea
n
 s
er
ie
s 
co
m
pl
et
io
n
 t
im
e 
SD
 s
er
ie
s 
co
m
pl
et
io
n
 t
im
e
SD
 s
er
ie
s 
er
ro
rs
 (S
D
 o
f t
h
e 
er
ro
rs
 m
ad
e 
ac
ro
ss
 b
lo
ck
s)
R
es
p
on
se
 b
ia
s 
(t
h
e 
d
if
fe
re
n
ce
 b
et
w
ee
n
 t
h
e 
n
u
m
be
r 
of
 m
is
se
s 
an
d 
th
e 
n
u
m
be
r 
of
 fa
ls
e 
al
ar
m
s 
ac
ro
ss
 t
h
e 
en
ti
re
 t
as
k)
. 
4.
  F
la
n
ke
r 
ta
sk
4 
(E
xe
cu
ti
ve
 f
u
n
ct
io
n
in
g:
  
In
h
ib
it
io
n
)
Th
e 
pa
rt
ic
ip
an
t 
is
 p
re
se
n
te
d 
a 
m
at
ri
x 
of
 9
 b
lo
ck
s 
an
d 
h
as
 t
o 
re
sp
on
d 
by
 in
d
ic
at
in
g 
if
 t
h
e 
co
lo
r 
of
 t
h
e 
m
id
d
le
 b
lo
ck
 is
 b
lu
e 
or
 
ye
ll
ow
 (l
ef
t 
or
 r
ig
h
t 
bu
tt
on
 p
re
ss
). 
In
 p
ar
t 
1 
of
 t
h
e 
ta
sk
, t
h
is
 b
lo
ck
 
is
 fl
an
ke
d 
by
 o
th
er
 b
lo
ck
s 
in
 t
h
e 
sa
m
e 
co
lo
r 
as
 is
 t
h
e 
m
id
d
le
 
bl
oc
k 
(c
on
si
st
en
t 
tr
ia
l),
 o
r 
in
 a
 d
if
fe
re
n
t 
co
lo
r 
(n
eu
tr
al
 t
ri
al
, g
re
en
 
bl
oc
k
s)
. I
n
 p
ar
t 
2,
 t
h
e 
m
id
d
le
 b
lo
ck
 is
 fl
an
ke
d 
by
 b
lo
ck
s 
of
 t
h
e 
sa
m
e 
co
lo
r 
(c
on
si
st
en
t 
tr
ia
l),
 o
r 
by
 b
lo
ck
s 
th
at
 h
av
e 
th
e 
co
lo
r 
of
 
th
e 
al
te
rn
at
iv
e 
re
sp
on
se
 (i
n
co
n
si
st
en
t 
tr
ia
l),
 fo
r 
ex
am
pl
e,
 a
 y
el
lo
w
 
bl
oc
k 
fl
an
ke
d 
by
 b
lu
e 
bl
oc
k
s 
or
 v
ic
e 
ve
rs
a.
 
To
ta
l m
ea
n
 R
T 
(a
ve
ra
ge
 o
ve
r 
pa
rt
 1
 a
n
d 
2)
To
ta
l S
D
 o
f R
T 
(a
ve
ra
ge
 o
ve
r 
pa
rt
 1
 a
n
d 
2)
 
In
h
ib
it
io
n
  R
T 
(d
if
fe
re
n
ce
 in
 R
T 
on
 
co
n
si
st
en
t 
an
d 
in
co
n
si
st
en
t 
tr
ia
ls
 in
 p
ar
t 
2)
 
In
h
ib
it
io
n
 e
rr
or
s 
(d
if
fe
re
n
ce
 in
 e
rr
or
 r
at
e 
be
tw
ee
n
 c
on
si
st
en
t 
an
d 
in
co
n
si
st
en
t 
tr
ia
ls
 
in
 p
ar
t 
2)
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CHAPTER 6
Su
p
p
le
m
en
ta
ry
 T
ab
le
 1
 
C
on
ti
n
u
ed
Ta
sk
 (C
o
gn
it
iv
e 
d
o
m
ai
n
)
D
es
cr
ip
ti
o
n
O
u
tc
o
m
e 
m
ea
su
re
5.
  S
u
st
ai
n
ed
 A
tt
en
ti
on
 t
o 
R
es
p
on
se
 T
as
k 
(S
A
R
T)
5  
(E
xe
cu
ti
ve
 f
u
n
ct
io
n
in
g:
 
A
tt
en
ti
on
 &
 in
h
ib
it
io
n
)
A
da
pt
at
io
n
 o
f t
h
e 
G
o/
N
oG
o 
ta
sk
. A
 s
tr
ea
m
 o
f d
ig
it
s 
(r
an
gi
n
g 
fr
om
 
1 
to
 9
) i
s 
pr
es
en
te
d 
on
 t
h
e 
sc
re
en
. T
h
e 
p
ar
ti
ci
p
an
t 
is
 a
sk
ed
 t
o 
re
ac
t 
on
 t
h
es
e 
by
 p
re
ss
in
g 
a 
bu
tt
on
 (o
n
 a
 b
u
tt
on
bo
x)
. T
h
e 
st
im
u
li
 
en
su
re
 t
h
at
 r
ea
ct
io
n
s 
fo
ll
ow
 a
 c
er
ta
in
 p
ac
e.
 W
h
en
 t
h
e 
d
ig
it
 3
 w
as
 
pr
es
en
te
d,
 t
h
e 
p
ar
ti
ci
p
an
t 
h
ad
 t
o 
w
it
h
h
ol
d 
a 
re
sp
on
se
.  
 
A
 c
om
m
is
si
on
 e
rr
or
 is
 m
ad
e 
w
h
en
 t
h
e 
p
ar
ti
ci
p
an
t 
pr
es
se
s 
th
e 
bu
tt
on
 w
h
en
 a
 3
 is
 p
re
se
n
te
d.
 A
n
 o
m
is
si
on
 e
rr
or
 is
 m
ad
e 
w
h
en
 
th
e 
pa
rt
ic
ip
an
t 
do
es
 n
ot
 p
re
ss
 t
h
e 
bu
tt
on
 w
h
en
 a
 d
ig
it
 t
h
at
 is
 n
ot
 
3 
is
 p
re
se
n
te
d.
 
N
u
m
be
r 
of
 c
om
m
is
si
on
 e
rr
or
s
N
u
m
be
r 
of
 o
m
is
si
on
 e
rr
or
s
M
ea
n
 R
T 
h
it
s 
SD
 o
f R
T 
h
it
s
6.
  T
ra
il
m
ak
in
g 
ta
sk
6  
(E
xe
cu
ti
ve
 f
u
n
ct
io
n
in
g:
  
M
ot
or
 c
on
tr
ol
 &
 s
et
-s
h
if
ti
n
g;
)
In
 p
ar
t 
A
, p
ar
ti
ci
p
an
ts
 a
re
 a
sk
ed
 t
o 
d
ra
w
 li
n
es
 t
o 
li
n
k 
n
u
m
be
rs
 
in
 c
on
se
cu
ti
ve
 o
rd
er
 A
 (1
-2
-3
-…
-2
5
-2
6)
. I
n
 P
ar
t 
B,
 t
h
e 
se
t-s
h
if
ti
n
g 
co
n
d
it
io
n
, p
ar
ti
ci
p
an
ts
 a
re
 a
sk
ed
 t
o 
d
ra
w
 li
n
es
 t
o 
li
n
k 
n
u
m
be
rs
 
an
d 
le
tt
er
s 
in
 c
on
se
cu
ti
ve
 o
rd
er
 (e
.g
. 1
-A
-2
-B
-3
-…
.-K
-1
2-
L-
13
). 
Ti
m
e 
to
 c
om
pl
et
e 
pa
rt
 A
Ti
m
e 
to
 c
om
pl
et
e 
pa
rt
 B
D
if
fe
re
n
ce
 in
 t
im
e 
to
 c
om
pl
et
e 
pa
rt
 B
 a
n
d
 
ti
m
e 
to
 c
om
pl
et
e 
pa
rt
 A
. 
7.
  S
em
an
ti
c 
ca
te
go
ry
 a
n
d
  
in
it
ia
l l
et
te
r 
fl
u
en
cy
7  
(E
xe
cu
ti
ve
 f
u
n
ct
io
n
in
g:
  
Sp
ee
ch
 fl
u
en
cy
)
In
 t
h
e 
fi
rs
t 
p
ar
t,
 p
ar
ti
ci
p
an
ts
 a
re
 a
sk
ed
 t
o 
n
am
e 
as
 m
an
y 
an
im
al
s 
as
 t
h
ey
 c
an
 w
it
h
in
 1
 m
in
u
te
, a
ft
er
w
ar
d
s 
th
ey
 a
re
 a
sk
ed
 t
o 
m
en
ti
on
 a
s 
m
u
ch
 p
ro
fe
ss
io
n
s 
as
 t
h
ey
 c
an
 w
it
h
in
 1
 m
in
u
te
. I
n
 t
h
e 
se
co
n
d 
p
ar
t 
of
 t
h
e 
ta
sk
 p
ar
ti
ci
p
an
ts
 a
re
 g
iv
en
 a
 fi
rs
t-l
et
te
r 
an
d
 
ar
e 
as
ke
d 
to
 m
en
ti
on
 a
s 
m
an
y 
w
or
d
s 
as
 t
h
ey
 k
n
ow
 t
h
at
 b
eg
in
 
w
it
h
 t
h
at
 le
tt
er
. T
h
ey
 h
av
e 
3 
tr
ia
ls
: o
n
e 
w
it
h
 t
h
e 
le
tt
er
 ‘T
’, 
on
e 
w
it
h
 t
h
e 
le
tt
er
 ‘A
’ a
n
d 
on
e 
w
it
h
 t
h
e 
le
tt
er
 ‘D
’. 
N
u
m
be
r 
of
  w
or
d
s 
m
en
ti
on
ed
 in
  
ca
te
go
ry
 a
n
im
al
s
N
u
m
be
r 
of
 w
or
d
s 
m
en
ti
on
ed
 in
 c
at
eg
or
y 
pr
of
es
si
on
s
N
u
m
be
r 
of
 w
or
d
s 
m
en
ti
on
ed
 in
 c
at
eg
or
y 
le
tt
er
s 
(t
ot
al
 o
f 3
 le
tt
er
-t
ri
al
s)
8.
  D
el
ay
 D
is
co
u
n
ti
n
g 
ta
sk
8  
(D
el
ay
 a
ve
rs
io
n
 &
 im
pu
ls
iv
it
y)
Th
e 
pa
rt
ic
ip
an
t 
is
 r
ep
ea
te
d
ly
 a
sk
ed
 t
o 
m
ak
e 
a 
ch
oi
ce
 b
et
w
ee
n
 
tw
o 
(h
yp
ot
h
et
ic
al
) i
n
ce
n
ti
ve
s.
 O
n
e 
op
ti
on
 g
en
er
at
es
 a
n
 in
ce
n
ti
ve
 
(m
on
ey
) a
t 
a 
sh
or
t 
p
er
io
d 
w
h
il
e 
th
e 
ot
h
er
 o
pt
io
n
 g
en
er
at
es
 a
n
 
in
ce
n
ti
ve
 a
t 
a 
la
te
r 
ti
m
e 
(i.
e.
 “
D
o 
yo
u
 p
re
fe
r 
to
 r
ec
ei
ve
 3
0 
Eu
ro
s 
18
0 
da
ys
 f
ro
m
 n
ow
, o
r 
2 
Eu
ro
s 
im
m
ed
ia
te
ly
?”
). 
D
u
ri
n
g 
th
e 
ta
sk
, t
h
e 
va
lu
e 
of
 t
h
e 
in
ce
n
ti
ve
s 
as
 w
el
l a
s 
th
e 
ti
m
e 
of
 t
h
e 
de
la
y 
(w
it
h
 w
h
ic
h
 t
h
e 
in
ce
n
ti
ve
 is
 g
ai
n
ed
) a
re
 v
ar
ie
d.
 T
h
e 
im
pu
ls
iv
it
y 
pa
ra
m
et
er
 (k
) i
s 
co
m
pu
te
d 
fr
om
 t
h
e 
pr
es
en
t 
va
lu
e 
of
 t
h
e 
de
la
ye
d
 
re
w
ar
d 
(V
), 
th
e 
re
al
 v
al
u
e 
of
 t
h
e 
de
la
ye
d 
re
w
ar
d 
(a
) a
n
d 
th
e 
de
la
y 
in
 d
ay
s 
(D
) w
it
h
 t
h
e 
fo
rm
u
la
: V
 =
 a
/ (
1+
k
D
).
K
 1
00
 
K
 3
0 
K
 1
0
9.
  T
im
e 
Es
ti
m
at
io
n
 t
as
k
9 
(T
im
in
g)
To
 s
h
ow
 t
h
e 
le
n
gt
h
 o
f o
n
e 
se
co
n
d,
   
th
e 
p
ar
ti
ci
p
an
t 
is
 fi
rs
t 
sh
ow
n
 
a 
pi
ct
u
re
 o
n
 a
 c
om
pu
te
r 
sc
re
en
 fo
r 
on
e 
se
co
n
d,
 t
h
is
 is
 r
ep
ea
te
d
 
te
n
 t
im
es
. N
ex
t,
 t
h
e 
p
ar
ti
ci
p
an
t 
h
as
 t
o 
re
ac
t 
to
 a
 s
ou
n
d 
by
 
pr
es
si
n
g 
th
e 
sp
ac
e 
ba
r 
on
e 
se
co
n
d 
af
te
r 
th
e 
so
u
n
d 
is
 p
re
se
n
te
d.
 
Pa
rt
ic
ip
an
ts
 r
ec
ei
ve
 fe
ed
ba
ck
 a
ft
er
 e
ac
h
 t
ri
al
 o
n
 t
h
e 
ac
cu
ra
cy
 o
f 
th
ei
r 
ti
m
in
g 
(‘t
oo
 s
lo
w
’, 
‘t
oo
 fa
st
’, 
‘c
or
re
ct
’).
M
ed
ia
n
 r
es
p
on
se
 t
im
e
A
bs
ol
u
te
 d
ev
ia
ti
on
 o
f t
h
e 
m
ed
ia
n
 r
es
p
on
se
 
ti
m
e 
fr
om
 1
00
0 
m
s
A
N
T 
= 
‘A
m
st
er
d
am
se
 N
eu
ro
p
sy
ch
ol
og
is
ch
e 
Te
st
’ (
D
e 
So
n
n
ev
il
le
 1
99
9)
; R
T 
= 
re
ac
ti
on
 t
im
e;
 S
D
 =
 s
ta
n
d
ar
d
 d
ev
ia
ti
on
1 
 P
ar
t 
of
 t
h
e 
A
N
T 
te
st
in
g 
ba
tt
er
y
2 
 S
u
bt
es
t 
of
 t
h
e 
W
ec
h
sl
er
 A
du
lt
 In
te
ll
ig
en
ce
 S
ca
le
 S
at
tl
er
, J
. M
. (
19
92
). 
A
ss
es
sm
en
t 
of
 C
h
il
d
re
n
: W
IS
C
-I
II
 a
n
d
 W
PP
SI
-R
 S
u
p
p
le
m
en
t.
 L
a 
M
es
a,
 C
A
, U
SA
, J
er
om
e 
M
. S
at
tl
er
, 
P
u
bl
is
h
er
, I
n
c,
 W
ec
h
sl
er
, D
. (
19
97
). 
W
A
IS
-I
II
—
W
ec
h
sl
er
 A
du
lt
 I
n
te
ll
ig
en
ce
 S
ca
le
. S
an
 A
n
to
n
io
, P
sy
ch
ol
og
ic
al
 C
or
p
or
at
io
n
..
3 
 P
ar
t 
of
 t
h
e 
A
N
T 
te
st
in
g 
ba
tt
er
y 
H
u
ij
br
eg
ts
, 
S.
 C
., 
A
. J
. W
ar
re
n
, 
et
 a
l. 
(2
00
8)
. “
H
ot
 a
n
d
 c
oo
l 
fo
rm
s 
of
 i
n
h
ib
it
or
y 
co
n
tr
ol
 a
n
d
 e
xt
er
n
al
iz
in
g 
b
eh
av
io
r 
in
 c
h
il
d
re
n
 o
f 
m
ot
h
er
s 
w
h
o 
sm
ok
ed
 d
u
ri
n
g 
p
re
gn
an
cy
: a
n
 e
xp
lo
ra
to
ry
 s
tu
d
y.
” 
J A
bn
or
m
 C
h
il
d
 P
sy
ch
ol
 3
6(
3)
: 3
23
-3
33
.
4 
 P
ar
t 
of
 t
h
e 
A
N
T 
te
st
in
g 
H
u
ij
br
eg
ts
, 
S.
 C
., 
L.
 M
. 
d
e 
So
n
n
ev
il
le
, 
et
 a
l. 
(2
00
2)
. 
“T
h
e 
n
eu
ro
p
sy
ch
ol
og
ic
al
 p
ro
fi
le
 o
f 
ea
rl
y 
an
d
 c
on
ti
n
u
ou
sl
y 
tr
ea
te
d
 p
h
en
yl
ke
to
n
u
ri
a:
 
or
ie
n
ti
n
g,
 v
ig
il
an
ce
, a
n
d
 m
ai
n
te
n
an
ce
 v
er
su
s 
m
an
ip
u
la
ti
on
-f
u
n
ct
io
n
s 
of
 w
or
k
in
g 
m
em
or
y.
” 
N
eu
ro
sc
i B
io
b
eh
av
 R
ev
 2
6(
6)
: 6
97
-7
12
.
5 
 S
m
it
, A
. S
., 
P.
 A
. T
. M
. E
li
n
g,
 e
t 
al
. (
20
04
). 
“M
en
ta
l e
ff
or
t 
ca
u
se
s 
vi
gi
la
n
ce
 d
ec
re
as
e 
du
e 
to
 r
es
ou
rc
e 
d
ep
le
ti
on
.”
 A
ct
a 
Ps
yc
h
ol
og
ic
a 
11
5(
1)
: 3
5
-4
2.
6 
 K
or
tt
e,
 K
. B
., 
M
. D
. H
or
n
er
, e
t 
al
. (
20
02
). 
“T
h
e 
tr
ai
l 
m
ak
in
g 
te
st
, p
ar
t 
B:
 c
og
n
it
iv
e 
fl
ex
ib
il
it
y 
or
 a
bi
li
ty
 t
o 
m
ai
n
ta
in
 s
et
?”
 A
p
p
l 
N
eu
ro
p
sy
ch
ol
 9
(2
): 
10
6
-1
09
, S
tu
ss
, D
. T
. 
an
d
 B
. L
ev
in
e 
(2
00
2)
. “
A
du
lt
 c
li
n
ic
al
 n
eu
ro
p
sy
ch
ol
og
y:
 L
es
so
n
s 
fr
om
 s
tu
d
ie
s 
of
 t
h
e 
fr
on
ta
l l
ob
es
.”
 A
n
n
u
al
 R
ev
ie
w
 o
f 
Ps
yc
h
ol
og
y 
53
: 4
01
-4
33
, Z
ak
za
n
is
, K
. K
., 
R
. M
ra
z,
 
et
 a
l. 
(2
00
5)
. “
A
n
 f
M
R
I s
tu
d
y 
of
 t
h
e 
Tr
ai
l M
ak
in
g 
Te
st
.”
 N
eu
ro
p
sy
ch
ol
og
ia
 4
3(
13
): 
18
78
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Summary and General Discussion 
The current thesis examines both the symptomatic overlap and differences 
between ADHD and BPD, and studies the interactions with regard to symptoms, 
temperament/personality, and response inhibition (chapter 3-5). Furthermore, 
chapter 6 focuses on the relationship between neurocognition and personality 
traits in adult ADHD vs controls. 
 Here we summarize and discuss our findings within the context of the 
literature in this field. The clinical relevance and recommendations for future 
research are then outlined. 
Summary of our main findings 
Chapter 2, a literature review, dealt with several concepts and issues concerning 
the relation of adult ADHD to personality disorders and traits. One of our conclusions 
was that most previous studies on adult ADHD and personality did not account for 
co-occurring personality disorders, making it difficult to draw specific conclusions 
on the delineation and overlap among ADHD, personality disorders and personality 
traits. 
 In chapter 3 we illustrated that every female with BPD in our sample had some 
ADHD symptoms in both childhood and adulthood and that hyperactivity 
symptoms appear to be characteristic for both female ADHD and BPD patients. We 
suggested that hyperactivity could play a mediating role in the development of 
BPD along the path of ADHD. 
 This connects with our finding in chapter 4 where we showed that an outspoken 
Novelty Seeking temperament suggests a vulnerability for the development of 
female ADHD and co-occurring BPD. Here we also pointed out that females with 
only symptoms of ADHD (i.e. without BPD symptoms) showed normal character 
development and thus absence of a personality disorder. 
 In chapter 5 we addressed whether the shared hyperactivity symptoms and 
impulsivity traits are pointing to the same underlying cognitive processes or whether 
ADHD and BPD could be differentiated at the level of cognitive processes. We showed 
that, independently of ADHD, response inhibition deficits are also related to BPD. 
Moreover, contrary to patients with ADHD, BPD patients may suffer from more 
widespread inhibition deficiencies and a specific impairment in context processing. 
 Thus, it seems that ADHD and BPD share features of hyperactivity and 
impulsivity at the level of symptoms, personality traits and neurocognitive 
performance. An interesting question following this conclusion is whether such 
clinical features, neurocognitive performance, and personality traits are related 
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to one another, taking the presence of psychopathology into account. In Chapter 6 
we showed that there was no relation between cognitive profile and personality in 
the ADHD population, and that the presence of ADHD rather than cognitive profile 
is associated with personality traits. 
General Discussion 
There is no BPD without at least some current and childhood ADHD 
hyperactivity/impulsivity symptoms 
The clinical distinction to enable the diagnosis (and treatment) of adults with BPD 
(and ADHD) is not clearly defined. In this regard, understanding how ADHD and 
BPD are different and/or alike in order to create a clinical distinction is important. 
A common underlying trait such as impulsivity can create co-occurrence and obscure 
syndrome specific symptoms. Furthermore, not appreciating the comorbidity of BPD 
with ADHD could result in inappropriate treatment. Previous studies had already 
documented associations between symptoms of ADHD in either childhood or 
adulthood and BPD, but rather than showing differences in clinical severity of the 
symptoms we have identified qualitatively different symptom profiles for both 
childhood and adult ADHD and adult BPD symptoms in female adults with ADHD 
and/or BPD (chapter 3). 
 Whereas adults with a primary diagnosis of ADHD and no BPD showed no 
symptoms of BPD, we found that all adults with BPD showed some ADHD symptoms, 
with at least hyperactivity/impulsivity. Some adults also showed a symptom profile 
with BPD, hyperactivity/impulsivity, and inattention problems. While inattention 
symptoms may not be exclusive in ADHD, they may play a role in other diagnostic 
cohorts such as BPD. We also showed that the presence of hyperactive/impulsive 
symptoms in childhood could possibly play a mediating role in the development of 
an adult BPD. This study therefore develops our understanding of the evolution of 
BPD in adulthood from childhood ADHD symptoms. Moreover, since we included 
only women in this clinical sample and the sex ratio for ADHD is more equally 
divided than for BPD (1:1 vs. 1:3 male: female), the results are probably more 
representative for the population with BPD. It is not yet determined which factors 
mediate whether childhood ADHD progresses to adult ADHD rather than adult 
BPD (or both). 
 In summary, we conclude that hyperactivity/impulsivity has little discriminative 
value for ADHD and BPD in women. Most likely, a client with a BPD diagnosis has 
already had (and may still retain) hyperactivity/impulsivity symptoms in childhood 
similar to that seen in ADHD. Although it is possible that the processes underlying 
the expression of any one childhood disorder may increase the likelihood of 
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developing BPD in adulthood, we suggest that hyperactivity/impulsivity is one, of 
maybe several, unique areas of overlap between BPD and ADHD which warrant 
further investigation as to the links between these conditions. Indeed, previous 
research has demonstrated that disruptive behavior disorders and ADHD are 
predictive of personality disorders (which includes BPD) (Helgeland, Kjelsberg et 
al. 2005; Miller, Flory et al. 2008). 
 Prospective research demonstrated that growth scores in ADHD severity from 
10-13 years predicted BPD symptoms at age 14. Additionally, the development of 
ODD severity in age 8-10 years also predicted BPD symptoms at age 14 (Stepp, Burke 
et al. 2012). Such findings indeed suggest that girls who develop BPD symptoms 
may experience many features in common with girls who have ADHD (and ODD). 
Furthermore, a recent study revealed a significant association between ADHD and 
BPD symptoms and showed that impulsivity, as well as emotion dysregulation, 
fully mediated the relationship between retrospectively assessed ADHD symptoms 
and current BPD features (Fossati, Gratz et al. 2015). Notably and surprisingly, this 
effect was found to be true among only females (vs males). The authors conclude 
therefore that gender seems to be an important factor to consider in understanding 
the relation between (childhood) ADHD and BPD, at least in clinical populations. 
 Previous literature mostly suggests that men and women with BPD are more 
similar in their clinical presentation than they are different. Gender differences 
are found in the type of impulse related disorders that they predominantly display. 
For example women are more familiar with eating disorders (internalizing behaviors) 
and men with substance abuse and antisocial personality disorder (externalizing 
behaviors) (Zanarini, Frankenburg et al. 1998; Zlotnick, Rothschild et al. 2002). 
However, it has also been suggested that the few gender differences that are found 
in BPD are similar to those found in the general population (Johnson, Shea et al. 
2003). Epidemiological research on eating disorders have shown that eating 
disorders are more prevalent in women than in men and community studies have 
reported higher rates of antisocial behavior in men than in women (Hsu 1996; 
Torgersen, Kringlen et al. 2001) 
 In sum, chapter 3 in this thesis adds to a growing body of literature that 
provides support for the notion that ADHD and BPD in women are probably, but 
not solely, linked through hyperactivity/impulsivity features. Whether BPD may 
emerge as a result of ADHD symptoms is however not clear. It is important to note 
that there is likely an interaction between vulnerabilities in emotion regulation, 
impulse control, and dysfunctional environment as well as traumatic events that 
must occur for BPD to emerge (Crowell, Beauchaine et al. 2009). Additionally, the 
developmental progression of childhood ADHD to adult BPD may depend on the 
presence of vulnerability and risk factors that have different rates of occurrence 
(or different implications) across gender. 
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 Further research should investigate how developmental risk factors, such as 
childhood abuse/neglect and attachment disturbances, may differently interact 
with childhood ADHD symptoms in influencing the developmental trajectory of 
BPD in females versus males. With regard to the outcome in BPD, it is of interest to 
note that prospectively designed studies suggest that a favorable outcome depends 
more on the presence of favorable personality traits rather than on the absence of 
certain symptoms or syndromes (Stone 2016). Three variables associated with an 
earlier time-to-recovery are aspects of temperament: being without the avoidance 
and dependency of anxious cluster personality disorders as well as exhibiting 
higher levels of extraversion and agreeableness. Besides this, it was also found that 
the absence of ADHD also significantly predicted earlier time to recovery in 
patients with BPD (Zanarini, Frankenburg et al. 2014). In terms of directions for 
future research, it would be important to determine the best predictive model for 
the recovery of BPD with co-occurring ADHD. 
Extreme Novelty Seeking temperament in ADHD might predispose 
to later co-occurring BPD 
In chapter 4 of this thesis we examined the role of temperament and personality 
traits in the co-occurrence of ADHD and BPD. We aimed to identify shared and 
unique personality characteristics and to gain greater insight in the possible 
pathways from early temperament to future ADHD and/or BPD. Previous studies 
had already shown that ADHD and BPD seem to share a number of temperament 
and character traits but, at that time, neither the comorbid presence of ADHD in 
the BPD samples nor the comorbid presence of BPD in the ADHD samples were 
controlled for. Chapter 4 shows that, except for those BPD and ADHD patients that 
are characterized by a symptom profile with mostly BPD and ADHD hyperactivity 
symptoms, all other patients showed significantly above average scores on a 
Novelty Seeking (associated with behavioral activation, including impulsivity) 
temperament. Novelty Seeking may therefore be more strongly linked to ADHD 
and less to BPD. Later research also illustrated that ADHD and ADHD-BPD patients 
differed from BPD subjects by a higher level of impulsivity (Prada and Hasler 2014). 
However, the Highest Novelty Seeking was found in those ADHD and BPD patients 
with symptoms of BPD and symptoms in all areas of ADHD. Thus, an extreme 
Novelty Seeking temperament (i.e. a temperament tendency toward impulsivity in 
response to novel stimuli) might suggest a vulnerability for the development of 
ADHD and co-occurring BPD. This finding seems in line with previous findings 
and our own finding in chapter 3; that impulsivity is an important factor in the 
development of BPD, in addition to ADHD. 
 Furthermore, we showed that Harm Avoidance (which is associated with emotional 
sensitivity, negative affectivity, behavioral inhibition in response to danger or 
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novelty and trait anxiety) may be specifically linked to BPD, which is a finding in 
keeping with previous findings (Joyce, McKenzie et al. 2003). Later work indeed 
shows that temperament/personality traits could mediate the relation between 
childhood ADHD and adult BPD features. Impulsivity, aggression, novelty seeking, 
and juvenile conduct problems altogether completely mediated the relationship 
between retrospective ADHD symptoms and current BPD features (Carlotta, 
Borroni et al. 2013). Additionally, in a female sample mediation analyses revealed 
that both impulsivity and emotion dysregulation fully mediated the relationship 
between childhood ADHD symptoms and current BPD features (Fossati, Gratz et 
al. 2015). It has also been suggested that emotion dysregulation is prevalent in 
ADHD throughout the lifespan and is a major contributor to impairment (Shaw, 
Stringaris et al. 2014). Thus, a Novelty Seeking and Harm Avoidance temperament 
might indeed predispose for later BPD features. Moreover, adolescents with BPD 
show a strong affinity to self-injurious behavior due to experiencing aversive 
emotions as intolerable and impulsively attempt to ameliorate those (Kaess, 
Brunner et al. 2014). 
 The basis for the expression of BPD features in those individuals with an 
extreme Novelty Seeking temperament is poorly understood. Theoretically it 
could be argued that Novelty Seeking may also play a protective role, as aspects of 
Novelty Seeking may also dispose to an active coping style. An orientation toward 
approaching novel stimuli and overcoming hurdles to achieve goals may run 
counter to the avoidance tendencies that have been proposed to underlie self-injury 
in BPD (Chapman, Specht et al. 2005). Indeed, there are indications that Novelty 
Seeking is negatively associated with future self-injury among females with BPD, 
whereas the role of higher levels of Harm Avoidance may need further examination 
(Chapman, Derbidge et al. 2009). 
 Overall, such findings suggest that difficulties with negative emotionality and 
behavioral control represent critical elements in the relationship between 
childhood ADHD (symptoms) and BPD (symptoms) in adult women. Future research 
could concern the role of the interaction between a child’s personality profile and 
his/her family environment in the transition from ADHD to BPD. In this regard, 
attachment disturbances are of particular interest. On the one hand, because they 
represent another developmental risk factor that has been consistently found to be 
associated with BPD (Agrawal, Gunderson et al. 2004; Choi-Kain, Fitzmaurice et al. 
2009; Fossati, Borroni et al. 2012). On the other hand, when attachment is strong, 
individuals may be more likely to experience belongingness, and thereby are less 
likely to engage in self-injury (Chapman, Derbidge et al. 2009). 
Processed on: 11-1-2017
507383-L-bw-van Dijk
138
CHAPTER 7
ADHD and BPD are associated with distinct impulsive phenotypes 
While it is clear that there is a behavioral overlap in impulsivity in co-occurring 
BPD and ADHD, at the level of symptoms and traits, it is unclear if this involves the 
same underlying cognitive process. One such process could be response inhibition 
deficits, which were assessed in the continuous performance task (CPT) in ADHD 
and BPD patients. Previous research has not convincingly established whether or 
not BPD is related to response inhibition deficits independently of ADHD. Chapter 5 
demonstrated that response inhibition deficits may be related to BPD independently 
of ADHD (in both males and females). In fact, patients with BPD performed 
significantly worse than ADHD patients on several CPT indices. Therefore, counter-
intuitively, they may suffer from more widespread inhibition deficiencies than 
ADHD patients. Moreover, the BPD patients might be specifically impaired in 
context processing (i.e. the mental representation, maintenance and updating of 
context information). Context processing is an executive ability that refers to 
the adaptive control of behavior through use of prior contextual information 
that must be mentally represented and maintained to support context-appropriate 
behavior (Cohen and Servan-Schreiber 1992). Context processing thus depends on 
several cognitive processes including selective attention, working memory, cognitive 
control, and response inhibition. In the CPT task representation and maintenance 
of antecedent contextual information relevant to an immediate goal is needed to 
overcome an established automatic or pre-potent response. Although our work 
may contribute to the growing evidence that executive function deficits play a role 
in BPD, the specific domains that may account for these contributions are far less 
apparent (McClure, Hawes et al. 2016). 
 Recent studies have suggested that impulsivity symptoms in BPD may be 
stress-dependent or linked with high emotionality and therefore variation in 
impulsivity may be explained by state changes. Indeed, even under resting state 
conditions, BPD patients demonstrated higher trait and state impulsivity compared 
to healthy controls and significant correlations between these self-reported 
difficulties in emotion regulation and attentional impulsiveness (Cackowski, Reitz 
et al. 2014). Such findings might help interpret our data demonstrating differences 
in context processing. Moreover, a recent paper, has suggested that top-down regulation 
in ADHD differs in comparison to specific emotional instability disorders including 
BPD (Sebastian, Jung et al. 2014) which may underlie differential contextual inter-
pretations in both disorders. However, contradictory findings showed no impairment 
in inhibitory function in BPD without ADHD and even enhanced response inhibition 
after stress induction in patients with BPD without ADHD compared to healthy 
particiapants (Krause-Utz, Sobanski et al. 2013).
 More globally, whether brain processes associated with “emotion” can be separated 
from those involved in “cognition” is debatable (Okon-Singer, Hendler et al. 2014). 
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Previous work demonstrates that emotional cues, - states, and – traits can strongly 
influence key elements of information processing, including selective attention, 
working memory and cognitive control. In turn, circuits involved in attention and 
working memory contribute to the voluntary regulation of emotion. The distinction 
between the ‘emotional” and the “cognitive” brain is blurry and context dependent 
and emotion and cognition seem deeply interwoven together (Okon-Singer, 
Hendler et al. 2015). Although ADHD has been classically defined on the basis of 
dysfunctional regulation of non-emotional information processing and BPD on 
the basis of dysfunctional regulation of emotional processes, it has been recently 
proposed that dysregulation in these different dimensions can be incorporated 
into one theoretical unified model. This model suggests that ADHD and BPD are 
mechanistically related in that they all involve similar dysfunctional top-down 
regulation of information processing. The difference is whether this dysfunctional 
regulation is related to emotional processing or non-emotional processing. Since 
there is substantial overlap between the disorders and a tight relation between 
symptoms, in line with a common underlying mechanism for these clinical states, 
possibly the best way to describe these states is with traits related to emotional 
dysregulation and traits related to non-emotional dysregulation that are combined 
to different degrees. Hence, using a dimensional rather than a categorical approach 
is recommended, which may both improve our understanding of patients’ needs 
and their treatment (Petrovic and Castellanos 2016). 
Personality traits are related to clinical symptoms rather than  
to cognitive profile 
In chapter 6 we investigated whether the Five Factor Model (FFM) personality traits 
are related to neurocognitive profiles in adults with ADHD and/or healthy controls. 
Unfortunately, we could not control for BPD in this study as there was a lack of 
sufficient and clear data on BPD diagnosis and symptoms. This impacts on the 
ability to discuss the results of chapter 6 in relation to BPD. Therefore, adding to this 
discussion, we examined the limited available datasets, i.e. the number of self- 
reported BPD symptoms, in relation to the neurocognitive profiles and the FFM traits. 
 Irrespective of cognitive profile, participants with ADHD showed significantly 
higher Neuroticism and lower Extraversion, Agreeableness, and Conscientiousness 
than healthy controls. Previous research also showed associations of ADHD with 
higher levels of neuroticism and lower levels of conscientiousness and agreeableness 
(Nigg, John et al. 2002; Miller, Miller et al. 2008). Findings with regard to extra - 
version in ADHD have been inconsistent. Only the FFM personality factor Openness 
differed significantly between neurocognitive profiles. Higher Openness was more 
common in those with aberrant attention and inhibition than those with increased 
delay discounting and atypical working memory / verbal fluency. The results 
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suggest that the personality trait Openness, but not any other FFM factor, is linked 
to neurocognitive profiles in ADHD. Thus, the presence of ADHD rather than 
cognitive profile is associated with personality traits. 
 With regard to the BPD symptoms, we also found no significant effect of total 
number of BPD traits on the cognitive profiles for either the ADHD and the control 
group. Of note, 33% of the adults with ADHD had reported five or more BPD features 
(compared to 2% of the healthy controls. The cut off of 5 reported traits is used in 
clinical practice to initiate full assessment of the existence of BPD. This is in line 
with the high frequency of co-occurring ADHD and BPD, as was also the case in 
chapter 2 with a frequency of 15% BPD in our ADHD population and 33% ADHD in 
our BPD population. The total number of BPD traits showed a significant positive 
correlation with Neuroticism, but not with the other four FFM traits. Thus the 
more BPD symptoms were reported, the higher the score on the Neuroticism trait. 
This finding is consistent with extensive prior literature showing strong positive 
associations between phenotypic associations for BPD with Neuroticism. Previous 
work also shows that low Agreeableness and low Conscientiousness are consistently 
associated with BPD (Widiger and Costa 2002; Kendler, Myers et al. 2011). 
 With regard to the FFM traits it thus seems that both ADHD and BPD are 
associated with high Neuroticism, Low Agreeableness and low Conscientiousness. 
Furthermore, there is evidence suggesting genetic correlations for Neuroticism, 
Agreeableness and Conscientiousness with BPD characteristics and for Neuroticism 
and Conscientiousness with ADHD (Martel, Nikolas et al. 2010; Kendler, Myers et 
al. 2011). Thus, ADHD and BPD appear to be linked to similar personality traits. 
The underlying basis may however differ. Analyses of the facets of the overall 
domains could be quite important and fundamental to the description and 
understanding of both ADHD and BPD. For example, it was found that five 
personality disorders were meaningfully related to the domain of Neuroticism. 
However, facet level analysis indicated that only one of these five personality 
disorders correlated significantly with the facet impulsivity (i.e. BPD) (Saulsman 
and Page 2004). Therefore, a next step in the understanding of the relation between 
ADHD and BPD could be to explore not only domain but also facet scores of the 
FFM in both ADHD and BPD patient groups. 
 Chapter 6 showed no relation between FFM traits and cognitive profile in 
adults with ADHD, except for the domain Openness to experience, which was 
associated with a cognitive profile mostly characterized by inattention and 
disinhibition. This may explain reports, that show that, contrary to the other four 
domains of FFM, Openness to experience is poorly related to the DSM personality 
disorders and warrants further consideration regarding its conceptualization and 
assessment (Samuel and Widiger 2008). Therefore, the finding that Openness is 
linked to the cognitive profile in adult ADHD remains to be more fully resolved. 
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 The lack of significant interactions between the other cognitive profiles (that 
were similar in ADHD and controls) and FFM traits deserves more discussion. 
It suggests that personality and cognition are independent entities without 
significant influence on each other. The relative influence of emotional processing 
on FFM traits may be useful to explore. Given the cross-talk between cognitive and 
emotion processing, it would be useful to know to which extent self-reported 
symptoms or traits reflect the neurocognitive constructs (that interact with emotion 
processing). Recent work in non-clinical samples indicates that self-reports of 
executive functioning are minimally related to performance measures of these 
cognitive abilities but are consistently associated with Neuroticism (positive) and 
Conscientiousness (negatively) (Buchanan 2016). Moreover, exploratory analysis by 
the same group showed little to no relationship between FFM traits and objectively 
measured executive functions. This may confirm our inability to find associations 
between FFM traits and cognitive profiles, in spite of the clear link between ADHD 
classification and FFM traits. Research focusing on ADHD also indicate that (self) 
ratings of executive problems have greater ecological validity than cognitive tests, 
which often do not correlate with the real world problems experienced by the 
patient (Barkley and Fischer 2011; Kamradt, Ullsperger et al. 2014). Such findings 
lead to the question of the clinical utility of neurocognitive testing and suggest 
that it may also be useful to consider personality in the clinical management of 
ADHD. 
Clinical implications and future directions 
Towards a person specific management of their vulnerabilities 
In this thesis we looked at the symptomatic overlap between ADHD and BPD and 
the role of temperament, personality and cognition. Taken together, we may 
conclude that the frequent co-occurrence of adult ADHD and BPD can be 
understood by the presence of hyperactive/impulsive symptoms and temperament 
traits, already inherent in childhood and a probable precursor for a BPD outcome 
in adulthood. A difference between both patient groups may reflect the more 
harm avoidant temperament in adults with BPD, but both groups are associated 
with high Neuroticism traits. Although neurocognitive measurements show 
deficiencies in both ADHD and BPD populations, it seems that these cognitive 
deficiencies are not so different from those that are found in the whole population. 
Rather, they are at a more extreme end of a dimension which can result in 
functional problems. Furthermore, specific cognitive profiles do not seem to link 
with specific ADHD symptoms nor with personality traits. Hence, the boundaries 
between ADHD and BPD remain blurred. 
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 An interesting line of thinking might be that our results are in line with a 
network approach. Meaning that the boundaries between both disorders are 
unclear not as a result of methodological limitations, but rather as a result of the 
intrinsic structure of disorders. Perhaps we should accept that the reason we have 
been unable to find true boundaries is because there are no true boundaries. It 
seems that no longer can comorbidity be meaningfully explained as a correlation 
between two disorders, nor as a result of a common underlying (neurobiological 
dysfunction) or “super disorder”. Instead the causal relations between symptoms 
constitute pathways that can connect different disorders (Borsboom and Cramer 
2013). Such multiple pathways from one disorder to another might exist in such a 
way that there is no objective or “true” point at which to dissect the symptom 
network in two, with each part representing a different disorder (Cramer, Waldorp 
et al. 2010). 
 The present thesis also provides knowledge of psychopathology beyond and 
outside the DSM. DSM might provide a guide to but can hardly be a replacement 
for our rich psychopathological tradition. Part of the process of good clinical care 
is to explore the experience of our patients. This helps us better understand them 
and this sense of shared understanding can be directly therapeutic. Therefore we 
need knowledge outside of the DSM in order to fully enable clinical management 
(Kendler 2016). 
 Given this, it is important to map the individual specific symptoms and vul-
nerabilities that cause someone to seek help and to connect with the need that is 
expressed by them. Our data suggest that in case of reported ADHD and/or BPD 
symptoms it is important to know that hyperactivity/impulsivity symptoms and 
traits are of poor diagnostic value in the differentiation of ADHD and BPD and that 
inattention symptoms may also not be particularly unique to ADHD. Thus, the 
DSM classification may not always be representative for the experiences of the 
individual. In other words, they do not represent all the relevant symptoms that 
deserve evaluation. The same seems true for emotional instability; a feature mostly 
associated with BPD. However, a harm avoidant temperament can also be seen in 
combination with what might be classified as mostly ADHD features. Such a 
combination of hyperactivity symptoms with a novelty seeking and harm avoidant 
temperament might predispose for poor prognostic outcomes and increased risk 
of generalization between ADHD and BPD diagnoses. Since ADHD and BPD may 
not be discernable categories, the examination of how networks of ADHD and BPD 
symptoms in unselected groups of patients interact with networks of personality 
traits would be useful. Such a network model could be used to simulate the 
generalization of symptom activity through the network to predict future psycho-
pathological states (Goekoop and Goekoop 2014). 
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Treat a person with difficulties, rather than a DSM classification 
The current thesis may inform clinical assessment and treatment of ADHD and 
BPD. Overall, our research, and that from others, show that both ADHD and BPD 
are often characterized by regulation problems in behavior (impulsivity) as well as 
regulation problems in emotions (emotional instability). Our results indicated 
that ADHD combined with an extreme Novelty Seeking and high Harm Avoidance 
temperament might predispose for co-occurring BPD. It could therefore be of 
critical importance to assess temperament in children with ADHD in order to 
identify those that may be particularly vulnerable and at risk of worsening of their 
problems. Consequently, it may be valuable to add the assessment of temperament 
in ADHD children to current diagnostic guidelines. In conjunction with this, the 
results in this thesis underline the importance of acknowledging that there are no 
clear boundaries between developmental disorders (in youth) and personality 
(disorders in adulthood). 
 Without disregarding the usefulness of the DSM system for diagnosis, we 
want to make a plea for a more personal and dimensional approach in the 
assessment and treatment of the problems that we encounter in clinical practice, 
both in children as in adults. Recognizing the evidence that two DSM categories 
show overlap not only in their symptoms, but also with regard to temperament 
and personality traits, and neurocognitive functioning undeniably calls for a less 
categorical perspective. Indeed, recent work suggested that trait models provide 
greater specificity in distinguishing personality pathology among those with 
childhood and adulthood ADHD (Smith and Samuel 2016).
 This thesis also suggests that there is no clear relationship between cognition 
and the Five Factor model personality traits in ADHD (with the exception of 
Openness). It may be worth determining whether markers of emotional processing 
rather than cognitive processing may offer a better match to the FFM scores in 
ADHD. In contrast to the accepted role of emotion dysregulation as one of the 
primary mechanisms underlying BPD, the role of emotional processing in ADHD 
remains relatively unexplored. However, recently emotion dysregulation has been 
emphasized as a core feature of ADHD and a significant contributor to the 
functional impairment suffered by youth and adults with ADHD (Bunford, Evans 
et al. 2014). Generally, emotion dysregulation occurs when an individual fails to 
modify an emotional state so as to promote adaptive behaviors that are necessary 
to accomplish his/her goals (Thompson 1994). Within the ADHD literature, 
emotion dysregulation has been conceptualized as emotional impulsiveness, 
difficulty in effortful regulation of induced emotions, and /or difficulty inducing 
more acceptable mood states (Bunford, Evans et al. 2015). Meta-analysis of ADHD 
and emotion dysregulation in children and adolescents document significant and 
strong links between ADHD and emotion reactivity and emotion regulation and to 
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a lesser degree emotion understanding (Graziano and Garcia 2016). The link 
between emotion dysregulation and ADHD was found to be similar in strength for 
boys and girls. Despite the extensive research documenting an association between 
emotion dysregulation and BPD, there is also a need to elucidate the precise 
emotion regulation deficits that are most relevant (Gratz, Moore et al. 2016). Such 
knowledge could contribute to future development of clinical interventions that 
more directly target emotion regulation as this may be of importance in improving 
the impairments in both ADHD and BPD. 
 Psychotherapeutic strategies for emotion processing difficulties are commonly 
found in the treatment of individuals with BPD. For example: targeting emotional 
dysregulation is a key element of Dialectical Behaviour Therapy (DBT). This DBT 
treatment has shown to be effective in decreasing inappropriate anger, a reduction 
in self-harm and an improvement in general functioning in BPD (Stoffers, Vollm et 
al. 2012). Recently it has been recommended that principles of DBT may also 
successfully treat ADHD in adults, as adjunct to medication (Asherson, Young et al. 
2014). Such skill training approach (i.e. a behavioral approach where painful 
emotion can be alleviated through general skills and actions) to emotion regulation 
is one that can be applied across distressing situations and largely irrespective of 
individual differences (Neacsiu, Eberle et al. 2014). This could therefore be an 
important tool that might also help in the coping with some of the ADHD problems. 
 Another interesting perspective could be that emotional arousal can also be 
regulated by qualitatively changing the difficult emotion in question. In this 
case, painful emotion is alleviated through the exploration of memories and 
idiosyncratic meanings. From this experiential viewpoint, the act of emotion 
regulation is essentially a means to another end: allowing one to tolerate emotion 
just enough to turn one’s focus inward and complete a distressing but meaningful 
task (e.g. exploring and accepting painful material) (Pascual-Leone, Gillespie et al. 
2016). Since it is known that attachment difficulties and childhood trauma are not 
only related to BPD but also to persistent ADHD (Ferrer, Andion et al. 2016; Storebo, 
Rasmussen et al. 2016), this might be a valuable additional strategy in cases that 
call for more specific and personal understanding by the patient of their emotions. 
 Future work should focus on clarifying exactly how, when, and what needs to 
be done to help clients to gain the ability to adapt ones responses to match the 
situation they are in. This might inform us further on how best to integrate 
current research and clinical practice in processing cognitive and emotional 
dysregulation in ADHD and BPD. 
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Future research recommendations 
This thesis has demonstrated a clear symptomatic overlap in ADHD and BPD cases. 
It remains to be resolved whether this overlap is present on a biological level. Such 
strategies may be useful to further enlighten the relationship between ADHD and 
BPD. Currently the association between ADHD and BPD has primarily been 
investigated at the phenotypic level and there is still a lack of sufficient information 
about the biological etiology of co-occurring ADHD and BPD. 
 The high rate of co-occurring ADHD and BPD may suggest a shared genetic 
architecture. Indeed, genetic effects behind the shared features of ADHD and BPD 
have been suggested (Distel, Carlier et al. 2011; Reif, Nguyen et al. 2011; Weissflog, 
Scholz et al. 2013; Weber, Scholz et al. 2014). Although this adds to identifying 
unique and shared genetic imprints, larger sample sizes are needed for more 
robust results. Furthermore, it has been argued that it is important to shift away 
from categorical case-control approaches that view psychiatric disorders as 
unitary constructs, towards a dimensional approach that incorporate endo-pheno-
types, or intermediate traits, and bottom-up statistical classification methods 
(Hawi, Cummins et al. 2015). Such an approach may help to better characterize the 
heterogeneous nature of the disorders and the extent of overlap. 
 Another genetic research strategy that might be successful in the identification 
of common versus unique risk factors for ADHD and BPD could be family-genetic 
studies. For example, family genetic research in ADHD and autism spectrum 
disorder has built on the idea that polygenic and multifactorial causes of disease 
will increase symptom levels in most or all members of the family, whereas 
sporadic genetic and non-genetic causes will be strictly personal to the patient 
(Oerlemans, Hartman et al. 2015). To our knowledge, such particular attempt has 
not yet been made for ADHD and BPD. However, twin family data of a large 
population based sample was used to determine whether shared (genetic and 
environmental) etiology could explain (part of) the comorbidity between ADHD 
symptoms and BPD symptoms (Distel, Carlier et al. 2011). The genetic analysis 
showed that the high correlation between BPD and ADHD symptoms could be 
explained for 49% by additive genetic factors and for 51% by unique environmental 
factors. It thus seems that common biological factors influence both ADHD and 
BPD. Further research is needed to investigate the underlying sources of the 
genetic and (non) shared environmental factors that influence both ADHD and 
BPD symptoms. 
 Another way of further gaining knowledge about the overlap in ADHD and 
BPD might be through brain imaging studies. Brain volume abnormalities are 
important indicators of pathophysiological processes that likely reflect disorder 
etiology. For ADHD, total brain volume and grey matter volume have been found 
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to be decreased compared to typically developing controls (Valera, Faraone et al. 
2007; Seidman, Biederman et al. 2011; Frodl and Skokauskas 2012; Greven, Bralten 
et al. 2015). With regard to BPD there are also indications of abnormalities in gray 
matter (Rossi, Lanfredi et al. 2015; Yang, Hu et al. 2016). No studies to date have 
investigated structural correlates between ADHD and BPD. It could be of interest 
to investigate whether the extent to which ADHD symptoms occur in BPD (or vice 
versa) may have an effect on the brain volumes in ADHD (or BPD). 
 Lastly, we want to highlight the potential use of pharmacological studies in 
dissecting ADHD and BPD traits. Case reports and a small scale study of successful 
methylphenidate treatment (the first line treatment in adult ADHD) have been 
reported in BPD (Golubchik, Sever et al. 2008). Methylphenidate treatment was 
associated with a significant improvement not only in ADHD symptoms but also in 
BPD severity, aggressive behavior, and self-injurious behavior. However, the effects 
of pharmacological treatments for ADHD and/or BPD have not been investigated in 
large scale controlled trials which consider effects on the symptomatic overlap. 
More generally, it could be suggested that medication strategies that alter response 
inhibition such as methylphenidate, citalopram and atomoxetine may be useful in 
the comparison of ADHD and BPD (Nandam, Hester et al. 2014). 
 Given the multitude of biological substrates deserving of investigation as 
candidate mechanisms underlying common ADHD and BPD symptoms, it may be 
useful to consider applying the NIH Research Domain Criteria (RDoC) approach to 
the study of common ADHD and BPD endophenotypes (Cuthbert 2015; Kozak and 
Cuthbert 2016). 
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ADHD
ADHD staat voor ‘Attention-Deficit Hyperactivity Disorder’ en is een ontwikkelings-
stoornis die gekenmerkt wordt door de aanwezigheid van een hardnekkig patroon 
van onoplettendheid en/of hyperactiviteit en impulsiviteit dat leidt tot functionele 
belemmeringen. Lange tijd zag men ADHD als een stoornis in de kindertijd met 
beperkt effect op de volwassenheid. Inmiddels weten we dat bij tot wel 50% van de 
kinderen met ADHD de symptomen en functionele beperkingen voortduren in de 
volwassenheid. Volwassenen met ADHD hebben veelal nog bijkomende psychische 
en/of psychiatrische problemen. Dit wordt co-morbiditeit genoemd. Het betreft 
vooral andere ontwikkelingsstoornissen zoals autismespectrumstoornissen, maar 
ook angst- en stemmingsstoornissen, middelenmisbruik, gedragsstoornissen en 
persoonlijkheidsstoornissen. Het begrijpen van de overeen komsten en verschillen 
met stoornissen die vaak samen met ADHD voorkomen is van belang om onder-di-
agnostiek (of foutieve diagnostiek) van ADHD te voorkomen en kan bijdragen aan 
het inzetten van passende behandelinterventies. 
Borderline persoonlijkheidsstoornis
De borderline persoonlijkheidsstoornis (BPS) wordt gekenmerkt door een hardnekkig 
en uitgebreid patroon van instabiliteit in de emotieregulatie, interpersoonlijke 
relaties en zelfbeeld, en verhoogde impulsiviteit. Hoewel de diagnose BPS per 
definitie niet voor de adolescentie gesteld kan worden laat onderzoek zien dat het 
klinische beeld ook bij jongeren een valide construct is. Ook bij BPS is sprake van 
onder-diagnostiek. Er is een grote overlap van symptomen met bijvoorbeeld 
depressieve stoornissen, impulsiviteitsstoornissen en identiteitsstoornissen. Dit 
kan het in de praktijk moeilijk maken om vast te stellen of de symptomen horen 
bij de BPS of bij een co-morbide stoornis. Ook hier geldt dat het begrijpen van de 
overeenkomsten en verschillen met stoornissen waarmee BPS vaak samen 
voorkomt van belang is om onder-diagnostiek te voorkomen en bij te dragen aan 
het inzetten van passende behandelinterventies.
Overlap tussen ADHD en BPS
In de klinische praktijk kan het soms moeilijk zijn om ADHD en BPS van elkaar te 
onderscheiden. Symptomen als impulsiviteit, emotionele instabiliteit, risicovol 
gedrag, moeite om boosheid te controleren zijn kenmerken die zowel bij ADHD als 
bij BPS worden gezien. Impulsiviteit is een van de meest kenmerkende overlappende 
symptomen. Maar ook emotionele instabiliteit en interpersoonlijke problemen, 
beiden belangrijke kenmerken van BPS, worden herkend als bijkomende problemen 
bij ADHD. Beide stoornissen kennen een chronisch beloop en bovendien komen 
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ADHD en BPS vaak samen voor in de klinische praktijk. De oorsprong van de 
relatie tussen ADHD en BPS wordt echter nog niet goed begrepen.
Het doel van het onderzoek in dit proefschrift
Het doel van het onderzoek in dit proefschrift is het kritisch beschouwen van de 
overeenkomsten (en verschillen) tussen ADHD bij volwassenen en de borderline 
persoonlijkheidsstoornis en daarmee een bijdrage te leveren aan het beter 
begrijpen van de relatie tussen beide stoornissen. We hebben gekeken naar de 
overlap op het gebied van symptomen, persoonlijkheidstrekken, en neurocognitie. 
In hoofdstuk 2 presenteren we een literatuurstudie naar ADHD, persoonlijkheids-
stoornissen, en persoonlijkheidstrekken. In hoofdstuk 3 werd er een Latente 
Klasse Analyse uitgevoerd bij volwassen vrouwen met ADHD en/of BPS om van 
elkaar te onderscheiden groepen met homogene symptoomprofielen te identificeren. 
In hoofdstuk 4 onderzochten we de rol van temperament en karaktertrekken in 
het onderscheiden van volwassen vrouwen met gelijke ADHD en BPS symptoom-
profielen. Ook keken we naar mogelijke ontwikkelingstrajecten van temperament 
naar toekomstig ADHD en/of BPS uitkomsten. In hoofdstuk 5 onderzochten we of 
een cognitieve maat van respons inhibitie kon differentiëren tussen volwassenen 
met ADHD, BPS en gezonde controles. In hoofdstuk 6 bestudeerden we de interacties 
tussen cognitieve profielen in volwassenen met ADHD en persoonlijkheidstrekken.
Belangrijkste bevindingen uit dit proefschrift
Hoofdstuk 2, een literatuuronderzoek, behandelt en bespreekt diverse concepten 
en thema’s die betrekking hebben op de relatie tussen ADHD, persoonlijkheids-
stoornissen en persoonlijkheidstrekken. Een belangrijke conclusie was dat eerdere 
studies naar ADHD en persoonlijkheid geen rekening hielden met co-morbide 
 persoonlijkheidsstoornissen bij de ADHD waardoor het moeilijk is specifieke 
conclusies te trekken over de overlap en verschillen tussen ADHD, persoonlijk-
heidsstoornissen en persoonlijkheidstrekken. We concludeerden daarom ook dat 
meer onderzoek nodig is om de relatie tussen ADHD en persoonlijkheidsstoornis-
sen (meer specifiek de borderline persoonlijkheidsstoornis) beter te gaan begrijpen 
en hun gedeelde kenmerken beter te ontrafelen.
 In hoofdstuk 3 hebben we kwalitatief verschillende symptoomprofielen van 
zowel ADHD in de kindertijd als volwassen leeftijd en BPS symptomen bij volwassen 
vrouwen met ADHD en/of BPS geïdentificeerd.  We illustreerden dat elke volwassen 
vrouw met BPS in ons onderzoek enkele ADHD symptomen had in de kindertijd en 
volwassenheid en dat hyperactiviteit karakteristiek is voor zowel volwassen vrouwen 
met ADHD als BPS. Hier hebben we ook laten zien dat hyperactiviteit mogelijk een 
mediërende rol speelt tussen ADHD en de ontwikkeling van BPS. Concluderend 
stelden we daarom dat hyperactiviteit/impulsiviteit weinig discriminatieve 
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waarde heeft voor ADHD en BPS. Het onderzoek in hoofdstuk 3 heeft bijgedragen 
aan een groeiend bewijs dat ADHD en BPS waarschijnlijk, maar niet alleen, aan 
elkaar gerelateerd zijn via hyperactiviteit/impulsiviteit kenmerken. Of BPS ook 
ontstaat uit de ADHD symptomen is niet helder.
 In hoofdstuk 4 hebben we laten zien dat een opvallend uitgesproken ‘Prikkel- 
zoekend’ temperament een kwetsbaarheid suggereert voor de ontwikkeling van 
een ADHD met co-morbide BPS bij vrouwen. Daarnaast vonden we dat een ‘Leed- 
vermijdend’ temperament meer specifiek geassocieerd zou kunnen zijn met BPS. 
Deze bevinding komt overeen met later werk waaruit bleek dat impulsiviteit, 
maar ook emotie-disregulatie, de relatie tussen ADHD symptomen in de kindertijd 
en volwassen BPS kenmerken volledig medieerde. Zulke bevindingen suggereren 
dat moeilijkheden met negatieve emoties en gedragscontrole kritische elementen 
zijn in de relatie tussen ADHD symptomen in de kindertijd en BPS symptomen in 
de volwassenheid.
 In hoofdstuk 5 hebben we onderzocht of ADHD en BPS ook overlappen in 
onderliggende cognitieve problemen of dat ADHD en BPS van elkaar te 
onderscheiden zijn op het niveau van cognitieve processen. We hebben laten zien 
dat onafhankelijk van de aanwezigheid van ADHD, respons-inhibitieproblemen 
ook gerelateerd zijn aan BPS. Bovendien bleek dat de groep met BPS meer en meer 
specifieke inhibitieproblemen had dan de ADHD groep. Hoewel ons werk hiermee 
bijdraagt aan groeiend bewijs dat executieve functie beperkingen een rol spelen in 
BPS, is nog erg onduidelijk wat aan deze beperkingen ten grondslag ligt.
 Samenvattend lijkt het er op dat ADHD en BPS kenmerken van hyperactiviteit 
en impulsiviteit delen op het niveau van symptomen, persoonlijkheidstrekken en 
neurocognitieve prestaties. Een interessante vraag die hieruit volgt is of deze 
klinische kenmerken, persoonlijkheidstrekken en neurocognitieve prestaties aan 
elkaar gerelateerd zijn. In hoofdstuk 6 hebben we laten zien dat alleen de persoon-
lijkheidstrek ‘openheid’, maar geen enkele andere persoonlijkheidstrek uit het vijf 
factoren model van persoonlijkheid, gerelateerd was aan neurocognitieve 
profielen in ADHD. Juist de aanwezigheid van ADHD, en niet het cognitieve profiel, 
was  geassocieerd met persoonlijkheidstrekken. Onze bevindingen, en die van 
anderen, leiden tot de vraag hoe klinisch bruikbaar neurocognitief testen is en 
suggereert dat het nuttig zou kunnen zijn persoonlijkheid mee te nemen in de 
diagnostiek en behandeling van ADHD.
Klinische implicaties
We kunnen concluderen dat het frequent samen voorkomen van ADHD en BPS 
begrepen kan worden vanuit de aanwezigheid van hyperactiviteit en impulsiviteit 
symptomen en persoonlijkheidstrekken die al aanwezig zijn in de kindertijd en 
een mogelijke precursor zijn voor BPS in de volwassenheid. Deze kenmerken 
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blijken dus niet uniek voor ADHD. Een verschil tussen beide stoornissen kan een 
meer ‘Leedvermijdend’ temperament bij vrouwen met BPS zijn. De rol van emotionele 
disregulatie in ADHD is nog relatief onbekend, maar er zijn aanwijzingen dat 
emotionele disregulatie, net zoals bij BPS, ook sterk geassocieerd is met ADHD. 
Kortom, de afgrenzingen tussen ADHD en BPS blijven vaag. 
 Het onderzoek in dit proefschrift heeft kennis gegenereerd in aanvulling op 
de kennis uit de DSM en dit is van belang voor goede klinische zorg. Het kan helpen 
om het individu beter te begrijpen.
 Omdat ADHD en BPS niet zo eenvoudig van elkaar te onderscheiden zijn en 
de DSM classificatie mogelijk niet altijd representatief voor de ervaring van een 
individu is het belangrijk om de individuele symptomen en kwetsbaarheden 
waarvoor iemand hulp vraagt in kaart te brengen en hierbij aan te sluiten. Het kan 
waardevol zijn om bij de assessment van ADHD ook temperament te onderzoeken. 
De resultaten van het onderzoek in dit proefschrift onderstrepen bovendien dat 
er geen duidelijke grenzen zijn tussen ontwikkelingsstoornissen (in de kindertijd) 
en persoonlijkheidsstoornissen (in de volwassenheid). Zonder tekort te willen 
doen aan DSM systeem willen we pleiten voor een meer persoonlijke en dimensionele 
aanpak in de diagnostiek en behandeling van de problemen waar individuen 
zich mee melden in de klinische praktijk.
Toekomstig onderzoek
Het onderzoek in dit proefschrift heeft aangetoond dat er een duidelijke 
symptomatische overlap is tussen ADHD en BPS. Het is echter nog onduidelijk of 
deze overlap ook aanwezig is op een biologisch niveau. Het is gesuggereerd dat er 
genetische effecten zitten achter de gedeelde kenmerken van ADHD en BPS, maar 
meer onderzoek is nodig voor sterkere resultaten. Naast genetische studies zouden 
ook beeldvormend onderzoek (brain imaging studies) en farmacotherapie studies 
een bijdragen kunnen leveren aan het beter begrijpen van de relaties tussen ADHD 
en BPS. Gezien de diverse mogelijke biologische substraten zou het nuttig kunnen 
zijn om de NIH Research Domain Criteria (RDoC) methode toe te passen op de 
studie naar ADHD en BPS.
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Dit proefschrift zou nooit tot stand zijn gekomen zonder de hulp van vele anderen. 
Ik ben dan ook iedereen heel erg dankbaar die heeft bijgedragen aan een lang 
proces waarvan het einde nu in zicht is gekomen. Speciaal geldt dat voor de 
proefpersonen die mij hun tijd en inzet hebben gegeven. Mensen met ADHD en/of 
een borderline persoonlijkheidsstoornis, die ondanks hun zorgen en problemen 
mee hebben willen werken in het belang van de wetenschap. Zonder hen was mijn 
onderzoek sowieso niet mogelijk geweest.
Beste promotoren en copromotoren,
Natuurlijk wil ik jullie heel erg bedanken. Zonder jullie was er geen begin en zeker 
ook geen eind gekomen aan dit proefschrift.
 Jan Buitelaar, wij leerden elkaar kennen toen jij naar Nijmegen kwam. Ik wilde 
onderzoek doen naar ADHD en de borderline persoonlijkheidsstoornis en jij bood 
me die mogelijkheid. Dat zie ik nog steeds als een groot voorrecht. Toch hadden bij 
mij andere werkzaamheden of privé omstandigheden altijd voorrang en zo werd 
het een bijzonder lang(zaam) proces waarin het promotietraject mijn ondergeschoven 
kindje werd. Ik heb de afgelopen jaren meermalen overwogen om het bijltje erbij 
neer te gooien, maar jouw reactie was steeds: je bent er bijna, je moet nu niet 
stoppen. Jij was voor mij de constante factor en als ik dan na lange tijd weer met 
een zoveelste concepttekst aankwam en het toch wel graag zo snel mogelijk terug 
wilde dan kreeg ik dat ook. Heel bijzonder. Jan, dankjewel voor jouw hulp, je geduld, 
en je vertrouwen! Het is er uiteindelijk dan toch van gekomen.
 Robbert-Jan Verkes, hoewel niet vanaf het begin betrokken bij mijn promotie-
traject heb je een hele belangrijke rol gespeeld op cruciale momenten. Je bleef 
geïnteresseerd en steeds bereid om bij te dragen. Ik heb jou als bijzonder steunend 
ervaren. Dankjewel daarvoor.
 Cees Kan, het is alweer lang geleden, maar wij hebben samen en met anderen de 
ADHD/ASS poli op de afdeling psychiatrie vormgegeven. Zo ontstond de mogelijkheid 
voor mij om data te gaan verzamelen. Een essentiële samenwerking. 
 Jeffrey Glennon, wat ben ik blij dat Jan jou in de laatste fase van het schrijven 
van mijn proefschrift heeft gevraagd om mij te ondersteunen. Samen met jou is 
het snel gelukt om tot een afronding te komen. Dankjewel.
Beste werkgevers,
Dank aan het Radboud UMC (afdeling psychiatrie), GGz Nijmegen (inmiddels Pro 
Persona), de Radboud Universiteit (Faculteit Sociale Wetenschappen). Dank voor 
jullie bereidheid om me toch steeds wat tijd te gunnen om weer een paar stappen 
verder te komen in mijn promotietraject. Dank ook aan mijn huidige werkgevers 
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GGNet en Streekziekenhuis Koningin Beatrix. Ook jullie support heb ik gekregen 
bij de laatste loodjes.
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Judith Prins, Paul Hodiamont, en Sandra Kooij. Dank voor jullie bereidheid om 
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allemaal mee.
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Beste onderzoeksmaatjes,
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 Cees van der Staak en Giel Hutschemaekers. Dankzij jullie kreeg ik 2 prachtige 
banen binnen het Academisch Centrum Sociale Wetenschappen en maakte daarmee 
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voor jullie steun en vertrouwen.
 Harold Beckering. Jouw deur stond altijd voor mij open. Een mentor pro bono 
zou ik willen zeggen. Jij gaf me de volgende opdracht: “als iemand aan je vraagt 
hoe het met je proefschrift staat dan zeg je alleen maar: goed, ik ben er mee bezig”. 
En dat hielp! Dankjewel voor jouw steun.
 Anna Bosman, lieve Anna, wat ben jij er voor mij geweest de afgelopen 2 jaar. 
Dank voor je hulp en steun bij de laatste loodjes. 
 Dank ook aan alle andere betrokken oud collega’s van GGz Nijmegen, van het 
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Ambulatorium. Jullie zijn met te veel om op te noemen. Dank voor jullie blijvende 
interesse en steun. Maar ook mijn nieuwe collega’s bij GGnet en het Streekzieken-
huis Koningin Beatrix. Wat een warm bad ben ik in terecht gekomen. Dank voor 
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lief en leed kunnen delen en dat je nu mijn paranimf wil zijn en me helpt met alle 
voorbereidingen voor mijn promotiedag. Heel bijzonder.
Lieve familie, 
Peter en Ludie, al 25 jaar mijn schoonouders. Elvira, Gerhald, Floor en Mila; mijn 
schoonzusje, zwager en nichtjes. Bedankt voor alles wat jullie voor ons betekend 
hebben in al die jaren. Ik ben heel blij met jullie.
 Pap en mam, al 43 jaar mijn ouders, en jullie staan nog altijd voor ons klaar. 
Dank voor alles wat jullie voor mij betekend hebben, dat is meer dan ik hier 
opschrijven kan. Ik ben heel blij en dankbaar dat we mijn promotie samen kunnen 
vieren!
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DANKWOORD
 Edwin en Sylvia, broer en schoonzus, we zien elkaar niet veel maar op belangrijke 
momenten zijn jullie er. Dankjewel daarvoor.
 Robin, mijn grote broer, dank dat je altijd trots op me bent. Dat voelt fijn. Weet 
dat ik ook trots op jou ben! Cindy, mijn schoonzus, lief en betrokken, dankjewel.
 Lieve Alexander, jij hebt voor mij de prachtige tekening gemaakt voor de 
omslag van dit boekje. Je hebt het “verbonden sterren” genoemd. Een titel recht 
uit jouw hart van goud. Dankjewel lieve schat dat je zo lief bent, zo betrokken, en 
zo enthousiast. Mama’s boekje is nu af. We hebben weer wat meer tijd om samen 
te zijn.
 Mijn liefste Alain, samen met Alexander ben jij de allerbelangrijkste in mijn 
leven. Jij bent de laatste die dank krijgt. Voor de liefste zijn, voor er altijd zijn. 
Ik hou van je.
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CURRICULUM VITAE
Curriculum Vitae
Fiona van Dijk was born in Hardenberg on December 2nd 1973. She graduated in 
psychology in 1998 at the Catholic University Nijmegen. She specialized in Clinical 
Psychology and finished her specialization in 2008 at the SPON in Nijmegen. 
During the post initial educations she worked as a clinician at GGZ Nijmegen 
(currently called Pro Persona, mental health care organization) and the Radboud 
University Medical Center, department of Psychiatry, where she also started her 
research for adults with ADHD and BPD. Between 2009 and 2016 she worked as 
vice program director of the post-initial education for healthcare psychologists at 
the SPON and as head of the Ambulatorium of the Radboud University in Nijmegen. 
Recently she started a new assignment for GGNet (mental health care organization) 
and the SKB (Regional hospital Koningin Beatrix) in Winterswijk where she 
focusses on health innovation, clinical work, and research. She is shaping the 
collaboration between GGNet and SKB; collaborates on a project to dramatically 
reduce chronicity in the mental health care; and supervises young specialists. 
Besides this she works in her private psychotherapy practice where she offers 
supervision and learning-therapy for trainee psychiatrists, clinical psychologists, 
and psychotherapists. 
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DONDERS GRADUATE SCHOOL FOR COGNITIVE NEUROSCIENCE
Donders Graduate School for Cognitive Neuroscience
For a successful research Institute, it is vital to train the next generation of young 
scientists. To achieve this goal, the Donders Institute for Brain, Cognition and 
Behaviour established the Donders Graduate School for Cognitive Neuroscience 
(DGCN), which was officially recognised as a national graduate school in 2009. 
The Graduate School covers training at both Master’s and PhD level and provides 
an excellent educational context fully aligned with the research programme of 
the Donders Institute. 
The school successfully attracts highly talented national and international students 
in biology, physics, psycholinguistics, psychology, behavioral science, medicine 
and related disciplines. Selective admission and assessment centers guarantee the 
enrolment of the best and most motivated students.
The DGCN tracks the career of PhD graduates carefully. More than 50% of PhD 
alumni show a continuation in academia with postdoc positions at top institutes 
worldwide, e.g. Stanford University, University of Oxford, University of Cambridge, 
UCL London, MPI Leipzig, Hanyang University in South Korea, NTNU Norway, 
University of Illinois, North Western University, Northeastern University in Boston, 
ETH Zürich, University of Vienna etc.. Positions outside academia spread among 
the following sectors: specialists in a medical environment, mainly in genetics, 
geriatrics, psychiatry and neurology. Specialists in a psychological environment, 
e.g. as specialist in neuropsychology, psychological diagnostics or therapy. Positions 
in higher education as coordinators or lecturers. A smaller percentage enters 
business as research consultants, analysts or head of research and development. 
Fewer graduates stay in a research environment as lab coordinators, technical 
support or policy advisors. Upcoming possibilities are positions in the IT sector 
and management position in pharmaceutical industry. In general, the PhDs 
graduates almost invariably continue with high-quality positions that play an 
important role in our knowledge economy.
For more information on the DGCN as well as past and upcoming defenses please 
visit: http://www.ru.nl/donders/graduate-school/phd/
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